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The Knife River aroca, co
the lower half of the Krnife River valley in west-centr~l Norin Dnkot:.
arez, in the center of the Williston Basin, is underl=2in by the Tongue Piver
meriber of the Fort Union formation (Paleocene) and the Golden Valley for—a-—

m(tion (Eocene). The Tongue River includes beds equivalent to the Sentinel
ﬁﬁ /Butto shrle; the Golden Valley form:-tion, which receives its first detailed
descriptioﬁrin this reportv, consists of two members, a lower merber of arzy
to W' ite sandy kaolin clay and an upper member of cross-bedded miciceous s nd-
8 tone, , .

asisting of six 15-nirute au-drongles, inc i

Th

Wk

n

(8

5]

Pre-Tongue River rocks tnat crop out in southwesiern Yorth Dalkota i-elnde
the Ludlow merver of the Fort Union formition, the Cannonball marine tToriv—
tion (Paleocene) and the Hell Creek, Fox Hills, end Pierre formations, ail Uppe-
Crelrceous. Post-Golden Valley rocks include the !!i ite Piver form~tion (CIiro-
cere) and pravels on an old planction surface tht msy be Miocene or Pliocene.

Surficizl derosits include glaci=l and fluvi-l deposits of Pleistocens 279
and 21)uviur, dune sand, residucl silicz, and landslide blocks of Receni z2ge.
Three 2res of glacial deposits can he differentiated, lorgely on the basis of
three fills, separated by unconfornities, in the Knife River vzlley. i1l thres
rre of Yisconsin age and probably represent the Iowan, Tezewell, and M-nk-to
substapges. Deposits of the Cary substage have not been identified eithsr in
the Knile River aree or elsewhere in southern llorth Daokota, Iowan glocizl
deposits form the outermost drift border in orth Dalkota. Sowithwest of thic
border are a fow scatiered granite boulders that are residucl from the erosion
of either the "hite River formetion or a pre-Wisconsin till. The Tazewell
drift border cannot be followed in southern Morth Dalote. The Menlnto drift
horder can be trrced in a gensrnl way from the South Dakota State lire nerth-
west ncross the Missouri River and through the middle of the Knife River nras, -

The major land forms of sonthwestern Nerth Dakotz =zre: (1) high tutres @
thet stand above (?) a pravel-capved planation surfece and (3) a gently-rolling
upland; below the upland surface are (4) remnants of a brosd valley stage of i
erosion into which (¢) modern valleys have been cui. The broad valley profiles
of many streams contimue east across the Missouri River trench and 2re part cf %
a2 “ormer drainage svstem th..t flowed into Hudson Bay. Crossing the divides areé
(¢) large trenches, formed when the former northeast-flowing streams were damme |
hy the glacier and diverted to the southeast. The largsst diversion valley is g
occupied by the lissouril River; enother diversion system, now largely abandoned
extends from the Killdeer Mountains southwest to the mouth of Porcupine Creek .
in Sioux County. By analogy with South Dakota, most of the large diversion !
valleys are thought to have been cut in Illinoian time, §§

Numerous diversion valleys of Illinoian to late isconsin age cut across
the divides. Other Pleistocene land forms include ground and end moraines,
kemes, and terraces. Land forms of Recent age inc'ude dunes, alluvizl terrdces
floodpleins, and severazl types of landslide blocks. One type of landslide,
called rockslide slump, has not previously been described.

¥
i
{

¢

|

H

- o

Drainage is well adjusted to the structure, most of the streams flowing {

. down the axes of small synclines. i
The bedrock farmations have been gently folded intc smell domes and syn—

clines thnt interrupt a gentle northward regionel dip into the Williston Basin.

Three episodes of deformation affected southwestern North Dakota in Terti-ry ..

time: (1) intra~Peleocene, involving warping and mincr faulting; (2) post- |

%OCene, {nvolving uplift and tilting; (3) Oligocone, involving uplift and gentl

Olding, B .

= Mineral resources irclude ceramic clay, sand and pravel and lignite co-l,
gmw;gte Knife River area is the largest ligrnite-producing district in thc United
. ates, 1

c— o aen o — P el T P




INTRODUCTION

Location and extent of the area

Tho Knifo River area 1s in west-central North Dekota, about
0 miles nerthwest of Bigherck, and consists of six 15-minute
guadrangles, covering about 1,270 square miles. The Knife River
rising west of the town of Marning in western orth Davota, flows
eastward to .the town of Stenton, where it empties into the Missourl
River. Its short course of about 90 miles is ail in the soft
Tertlary rock of the Great Plains, and, in conseqguence, the stream
is usuvally a muddy one, hecvily loaded with fine sand and silt,.
The area covered by this report takes in the lower 4/ miles of
the Knife River and a short segment of the Nissouri’ﬂiver.

Mercer County, the leading lignite-producing county of the
United States, is nearly all within the Kuife River area, which
includes also parts of Dunn, Mclean, Oliver and Sterk courniiecs,
The Zarriiom o 3¢ xmza and Itz melzzicn o other cosl-tearing -
areas mappgd by the U. S. Geological Survey are shown in fig. 1,
The six quadrangles that comprise the Knife River area are grouped
in two tlers and form & capital "L? lying on its side (fig. 2).

The four quadrangles of the northernitier are Stanton, Hazen,
Beulah, and Golden Valley, snd extend from 101° 15' to 102° 15¢
west longitude and from 47° 15' to 47° 30' north latitude. The
two quadrangles.of the souéhern tier are Medicine Butte and Broncho,

and extend from 101° 45' to 102° 15"wesf longitude and from

47° 00! to 47° 15' north latitude.®



#Scme current index maps show only the names "Ercorcho" ard "Geollen
Valley." The other nargs on these maps are: AA (Medicire Butte),
Kasmer (Benlah), Krem (liazen), and Deapolis (Stanton). Tre names
used in this report were formelly adcpted in 194€ and 1949 as the
result of field work by both the Tecpegraphic end Geologic Divisions

of the U. S. Geological Survey.

In order to £ill in a smell unmapped area between the Fort
Berthold Indian Reservation, the Minot area, ard the six guadrargles
just nomed, the Knife River area was extended north to include the
southeast corner of the Blackwater and the southern edge of the Emmett

’

quadrangles (see fig.2 ).

Purpose and scope of the report

The Knife River area was mapped as part of the Depertment of
the Interior's program for development of the liissourl River B=sin.
The main objectives of the project were to study the Tertiary and
Pleistoceng sfratigfaghy of the area and to determine the twpes
and amounts of valuable mineral resources present.

The Bureau of Reclamation's proposed Broncho Dam and Knife
River Irrigation Project lie within the mapped area, and basic
geologic data were desired to aid both in the construction program
in the future development of the region. Also, accurate geologic
. maps of the coal—be&riné formctions were needed to aid in land
classific?tion and in estimating total reserves of the area
because the opening of Truax-Traer's "Dakota Star Mine" rorth

of Hazen in 19// and the modernization of equipment in the mi-es
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n and 7ap skyrocketad Mercer Counly into the lead anon

lignite-prodiucing countias of the countiy,

of the sonthiwest vart of ilorth Dalota, ard the results of this
reconnzissance will be surmarized in this revort.

Previons irvestications

— el

The geology of the ¥Xnife River ar

in detril, although the cozl beds in certain parts of the area

-beer exanined by a nusber of weorkers. Wilder (1905, pp 3/4-35) and
Smith (1908, pp. 19-24) dezeribad briefly scre of the lignite outcrops
elong and reer tho Misso:ri River in the Stanton quadrangle; Bauer

and Merald (1921) mapned the lizuits beds.in %he part of the For
. : s

Berthold Indian Rescrv:ticn thrt is

d
21

cf the Beuleh and Golden Val ey cuadrangles;

Bt

and Dove (1325, rp. 1712122 =nd 125-121) wmopred the cuaterop of

Be;iah—?ap ceal bed in the w*ci ity ol Peilah, and des¢r;be cut
of other beds near Heazen and Stanten.

Generzl sira’igrapidc studizss in western lorth
been made by Leonzard (1007, 1797, 1609 and 1722
(1924), %1

ine (1942), Ssager (1042), srnen (1943), ond Ercun

Thea

g8

lei

U)

A

(1316 and 1916), and xl en (1932).

-

Clapp, Bakcock, and Lzensrd (199€) studied sore of the elr;

h]

in the K- ife River arca in a paper cu“l~no with structurzl and

cersnic cleys of “orth Davole.

¢ the

o
S

ovsr much

ea had not previously been mazped

have

included in the northern parts

STOps

aketa have

Thon 2nd Dobtin

(19¢%),

tocens geology is discuszed briefly by Tedd {1972} leorard

o ey



Wood's (1904) rgbonnaissance of part of west-central North
Dakota includes most of <the Xnife River area, and this paper is
outstanding for the number of good observations that must have
been made in a very short time., Wood was one of the best obsecrvers
and geologic thinkers who have worked in North Dakota. He was
- careful to differentiate fact from inference, and, although onc
may disagree with some of his interpretations, his observations
and descriétions of outcrops are excellent, and his reasoning is
sound.

Field work and aclmowledzments

Field investigations were conducted in the,sﬁmmers of 1946
through 1949 in consequence of an allotment of funds from the
U. S. Departmenﬁ of Interior's Missouri River Basin appropriation,
I was in charge of these investigations and was assisted in 1946
by R. E. Basile and R, B. Colton, in 1947 by R. B. Colton and
F. Stugard, Jr., and in 1948 by R. M, Lindvall, H. S. Mayberry and
J. R, Scurlock.

Except for the Stanton quadrangle, which has been mapped
topographically, planimetric base maps for the Knife River area
were complled from General land Office township plats and aerial
pﬁotogfaphs. The plats were used as horizontal control, and the
dralnage and culture were taken from the photographs. I compiled |

the base for the Broncho quadrangle; the Topographic Division of



the Geologlcel Survey complled the base maps for the rest of the
aren. Except for the Stanton quadrangle, latitude and longitude
lines are approximnte« and sugjcct to correction,

The field mapring was done directly on aerisl photographs at
a scala of about 1:20,000, and the informetion wazs trancferred
to the brse m°ps with the rid of a verticel sketchmestor. Primary
vertical control wns ottained from Coast and Geodetic Survey bench
m: rks, from the Stanton topographic cuadrangle, and by spirit leveling.
Bench marks estatlished by those methods were used e&s a basis for survey-
ing with plane table and with a Paulin altimeter. The altimeter
traverses were more rapid, and were considered sufficiently accurate
for most of the work, , |

I wish to thank the various members of the Knife River party
for their fine assistance and cooperation during the field studies,
Thanks are'due.also'to many of the local residents of "orth Dakota,
who aided thg work in many ways, from supplying critical irfrrma-
tion-on wells and mines to supplying tractors to aid our mired
trucks. The cooperation of the following persons and organirations
in supplying maps, well logs, and other pertirent informetion is
greatly appreciated: J. M. Hughes, Land Commissioner of the
Northern Pacific Railway Company, U. S, Engineers, Garrison Distriét;
U; S. Bureeu of Reclamation, Bismarck Office; and Dr. Wilson M.
Laird, State Geologist of North Dakota. IAwish to acknowledge

especially the aid and cooperntion of Professor R, F. Flint of

Yale University and R. ¥. Brown of the Geological Survey.



Flint, who was in charge of regional Pleistocene studies in South
Dakota, visited the arsa several times and discussed the field
relations of the slacial demsits, Brown, in addition %c Id~ntify-
ing the fossll plants, visited the Knife River party for several
days each summer from 1947 throurh 1949 and worked with us on the

general stratigraphic relations of the Tertiary deposits,
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Fig. 3, a sketch map of iLnu physiographic subdivision of
lorth Dakota, shows thnat tue Anire hiver area lies entirely within
the ¢luciated portion of tie iiissouri Platean widch in turn is a
scction of tihe Great Dlains Province (Feaneman, 1923, ovuges 276 to
277). The Missouri Ilaleuu occupies the western half of lorth
vekota and is divided inio placiated and unyplaclated portiouns.
The eastern half of Lhe State is occupied by the Western Laxe s-ection
of the Central Lowlunds province. The boundary between these two
provinces is the Missouri Facarpment, which lies 30 tec 90 miles

?
east of the Missouri River, and trends north-northwest from South
Dakota to tne Canadian border., The name "Coteau du issouri" hus
been applisd to tihids escarpment and to the high ridge of morainic
hills just west of it but Andrews and Lemke (andrews, 1939, p. 50;
Lamke, manuscript in preparatior) quote a decision by the U. 5. Board
of Geoyruphiic Names to the effect thab the name "Coteau du liissouri”
should be applied to the part of the Missouri Plateau th.t lies
belween the escarpent and the Missouri itiver., This leaves the
escarpent itself without a nane, and I prefer the usage of
Gipson (1529, pp. 10-11) who ,ives the following description:
"On the westemm bordsr of the Urift Frairie rises

an escarpaent which is even more abrupt than that which

bounds the prairie on the euast. Tnis featwre is the

eastern edge of the Missouri Plateau and is known as the

Missouri escurpment. This escarpuaent trends northwest

and passes near anl to the west of Crosby, Kenmare, Minot,

Carrington, and Jamestown. It is in general 500 to OO0

feet above the lower plain to the east, The plateoau,

wiicn slretchizs westwura from this escarpument to w.os -

beyond the western border of the state, occupins fully

h.1lf of the stute and is a characteristic portion of the

Girzat lains." X




Bast of th= !dssoari “scarpwnt, the lestern Laxzs section
of the Central Lowlznds province is divided into the Dris't FPrairie
an:l the Red River Valley. The ded River Valley in the cxtruone
ewstorn part of the state ic the fléor of glzcinl Lzke rpassiz
anl has virtuadly no rlinf excert for a few beach rilyres of sand
and grawvel. The western bouniary of this old lake floor is thre
low and indistinct Fembina Uscarpnent, from wiich the Jrift Frairie
rices gradually westward, The Drift Prairie consists > a bedrock

0 to geverad hunired feet of late isconsin

ASaj

sur face buried by
cLacind dfift, mostly ground moraine. The ground surfuce has very
low relicf; and the few hills Shub rise avuv,2 the éenerzl surtace
rrobxbly have bedrock cores. Orainage is poorly interrated, and
nwnerous anall Jakes and ponds occupy shallow depressions in the
surface of the drift, A few lorger lvkes, such as Devils Lake
and Stump Lake, probably occupy former stream channels, now pirtly
buried by the thiclk drift.

Mantling the surface of the lMissouri Hscarpment and cnppine the
edce of the Missouri Plateau is a large morainic belt, 5 to 20 miles
wide, thit hzs been called the "/Altamont moraine." Rairock out-
crops are vory irew and the il]hsion is creited th:t the whole
hei-ht of the escarurent is due to the accurmlaitior of a huge
end moraine, JSeveral workers, however, have noted thit b-«irock
crops ont in some of the hirhest hillslin the roraine and along the

slopes of hhe escarpment (Howurd, Gott, and Lindvall, 1246, nr.

1204-1205, wnd Townsend nd Jdenke, 1951, pp. 845-948) ond it now

seems certain Ll b Lhe jouivion of e e.carpent is controlled

————

by the buried bedrock toposrap.y. The bedrock escarpment, in turn,

e it damey e v ——— ~ ot traine B e e e . . . -



probably controlled the location of the moraine by retarding the
rate of advance of tge glacier and keéping the edge of the ice
at or near the same position for many years,

The evidence of bedrock control of both the Missouri Iscarp-
ment and its morainic cap has been discussed recently by Townsend
and Jenke and is not treated in this report. Townsend proposes
the name "Max moraine" to replace the old term "Altamont," because
the moraine in North Dakota is not demonstrably continuous with the
Altamont moraine at its type locality in eastern South Dakota;
in fact, it is not evea certain whether the two moraines are of
the same age, I agree with Townsend,.and in’t.his report I shall
use the term Max moraine,

The edge of the Missouri Plateau must have been dissected
into a narrow tract of badlands before it was covered by the
Pleistocene ice sheets, for élthough bedrock crops out in some of
the higher hills, Townsend reports that some drill holes have

-
penetrated up to 300 to LOO feet of drift before encountering
bedrock; |

Southwest of the Max moraine the level uplands at the Coteau du
Missouri are blanketed by drift 10 to 30 feet thick, but bedrock is
exposed in nearly all of the small valleys.,

South and west of the Missouri River, the Missouri Plateau is
a gently rolling upland ranging in altitude fr&m 1,800 to 2,800
feet above sea level. Numerous buttes and mesas stand above the
general level of this upland, among which are Sentinel Butte,
Bullion Butte, and H. T. Butte, the last named being the highsst

1
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point in North Dakota, with an altitude of 3,468 feet. Into the
rolling upland of the Missouri Plateau have been carved the mature
valleys of the Cannonﬁall, Heart, Knife, and Little Missouril rivers,
all of which are tributaries to the Missouri River. Narrow tracts
of badlands border each of these streams along some parts of its
course, but none of the badland areas is comparable in size or
in depth of dissection to the badlands of the Little Missouri River.
These badlands have a lccal relief of 200 to 600 feet and flank
the river in a belt 2 to 10 miles wide throughout most of its
course in North Dakota (pl. 64).

The Missouri River itself occupies a great trench-like valley
200 to 600 feet deep and 1 to 3 miles wide. I% contrast to the
valleys of its tributaries, the Missouri trench is incised sharply
into the surface of the Plateau with little or no rerard for the
regional slope to the northeast., The valleys of the Knife, L-art,
and Cannonball rivers can be seen from many miles away because
the land slopes gently down toward these valley floors, but in
many places one can be within 4 or 5 miles of the Missouri River
and see no sign whatsoever of the valley. Iﬁ some places the
surface of the Plateau actually slopes away from the trench of
the Missouri, This topographic discrepancy between the Miésouri
Riverlvalley and the valleys of its tributary streams is due to
the unusual origin of the Missouri River trench, and will be

discussed in connection with the glacial history.
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Although the northsastern part of tnv tfisgouri Plateau in

Morth Dakota has quite obviously been modified by glaciers, the
boundary between the glaciated and unglrciated areas is topogr raphically

indi stinct, Southwest of the Missouri River the drift cover thins
and the glaciers had 1little or no effect on £he topozraphy. The
actuel drift border is marked only by the limit of erratic stones
brought down fron Canada by the ice shsets,
Toporrishy

The Knife River erea is wiéhin the glaciated portion of the
Missouri Plateau but it has surface features typical of both the
glaciated and unglaciated portic

The uplands in the r ortnern and eas tern perts of the area are

R ’

covered by glacial drift 5 to 20 fest thick with typical ground
moraine toporrzphy., The Xrem moraine, a srall recessional moraire

with a locz2l relief of aboutl 20 feat, caps the divide btetwe:=n the

Knife- and Misscuri Rivef? drainaces in the northern parts of the
Golden. Valley, Beulah, and Hazan quadrangles, Redrock in this part

of the arez is exposed chiefly in the stream valleys and in the
narrow badland tracts that border the Missouri Aiver., There are no

‘

prominent buttes or mesas and the nsarly flat till-covered uplands
merge imperceptibly with the gently sloéing sides of most of the
smaller vallers,

Southwest of Beulah the glacial drift thins, becomes patchy,
and f*ﬁg]lv disappears except for the fes erratic bouvlders of sranite

and limestone that remain on the sarfuce of the grouni, The

topooraphy ceexs to have been molified very little ty the ice sreets,

12
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The interstrean divides consist of gently rolling srass-covered uplands
that grale witnout sharp breck into the maturely dissected slopes of
the valleys. A more youthful torography is characteristic of the

valleys tremselves and the areas immediately borderiny them, Eorder-

ing the Knife Rivor and sare of its major triwutaries are small tracts

Thne most prominent landzmzark in the &nife Hiver area Is Medicire
Butte, & conical hill th.at stands about 200 feet above the surrounding
uplands. Medicine Butte is in the wect-central part of the cuad-
rangle that bears its name and is clearly visible for many :iles
from the north, east, and west., To the south the upland sraiually
rises to a high poiét about 3 miles from the bu;te. The crest of
this topographic high area actually is é few feet hirher than the
top of Medicine Butte and effectively blocks a view of the wutte
from the south,

The hirhest point in the Xnife River arca is in the Golden
Valley quadrangle in sec. 22, T. 146 N., R. 90 W. Tis point,
which is occupied by the United States Coast and Geodetic Survey's
Trianpgulation Station "Miller," is amout 2,420 fest above sea level
(determined by PaulinTaltimcter). The lowest point in the area is
in the southeastern corner of the Stanton quadrangle where the
flood plain of the Missouri River is about 1,670 fezt above sea
level, The maximum relief, therefore, is aboﬁt 750 feet, although
local relief in most parts of the area is not more than 300 or LOO

feet,
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The most striking topographic feature of the Knife River
area is the series of through valleys or trenches that cross the
area from northwest to _southeast with little regard for the major
drainage pattern. Although these valleys are lrrge, sore of them
as large as the valley of tne Knife River itself, they contain
only small streams, or, in some segments, ho streems at all. Like
the Missouri trench they are believed to have been cut by waters
flowing at or near the margin of an ice sheet. The largest of these
valleys are in the sounthern part of the area in the Broncho and
Medicine Butte quadrangles and today are occupied by the South
Fork of the Knife River and Elm Creek. These two valleys continue
southeast out of the Knife River area, cross into the IHeart River
dra%nage basin, and come together just east of the town of Glen
Ulhén about 15 miles south of the Medicine Butte quadrangle (see
fig.13). They are a small segrment of a long Pleistocene drainage
course that extends from the Ycllowstone River across to the
Little Missouri River and from there to the Knife, Heart, and
Cannonball River drainages; finally joining the Missouri River
near Fort.Yates in southern North Dakota. Other large trenches
in the Knife River aresa ares The Goodman Cresk trench, which
connects the Little Missouri River dreinage with Spring Creek in
the Golden Valley_quadrangle; the Golden Vglley trench, which
crosses the high area between Spring Creek and the Knife River

in the Golden Valley, Beulah, and Medicine Butte quadranples; and

14



the Beulah trench, which connects the “153 uri River with Spring

Crecx and the Knife River in the Bazulah end Kazen cuvadrangles, The

Beulah trench splits into two parts 2bout 5 miles north of tne
townn of Beulah, One branca trends soubhwest and joins Spring Sreek

about 3 miles east of the town of Zap; the other brauch tronds
east to join intelope Creek and then southeast to join the Xnife
River near Hazen., All of thes2 throuzh valleys or treaches have

.

wide, nearly flat floors and are partly filled with unxnown

thickneses2s of alluvial and colluv1;1 naterial,

[

rainagsz and wat:2r supoly

The Knife River area 3s entirely within thes drainace basin
of the Missouri River. Runoff flows directly into the iissouri
River in the northern znd eustem ports of the area and into the
Missouri River by wey of the Knife River and its tribatarizs in
the rest of the area, with the exception of 2 small truct in
the- northwestern part of the Golden Vailey cuadrungle. This

tract grained oy Hans Cresk, wnich risss nzzr the Dunn County -
3

‘Mercer County line, and flows northwest through the Cooﬂm_n oreek
trench to the Little MNissouri River,

The Missouri River forms a ssall part of the northzm toundary
of the area and flows soutihr through the Stanton cuadrangle, The

floodplain cf the Missouri in this quadrangle is 2 to 3 miles

widc and has a gradient of akout 1,6 feet pi:r mile. Curing the

o

esrly pioneer dzys the Miesouri Hiver wis an importont route of

) .

travel bebween east and wast and was ar important scurce of water

for domestic and livestocik use. he Lewis and Clark Sxpedition

o

3 " . e . : .t & o - N .
foliowed the Misszuri aiver velley and the site of Fery randan,
s
\‘M-_._,_‘__ B .. >



their first winter's camp, 1s in the southeastem part of the Stanton
quadrangle., With the developrnent of railroads and highways the
Missouri River Vaiiey was virtually abandoned as a route of travel,

but 1t is still an importint source of water supply for towns,

ranches, and farms that are located along its course. In the Knife
River area the town of Riverdale, which overlooks the Garrison Dam
site, obtains its water from the Missouri River.

The Knife River enters the area in the western part of the
Broncho quadrangle and flows east and northeast to its confluence
with the Missouri River near the town of Stanton. The flood plain
of the Knife River is 1 to 2 miles wide and has a relief of about
10 to 15 feet. Above its junction with Sp;ing Creek, about 1 mile
west of Beulah, the gradient of the Knife River flood plain is
about 7 feet per mile; from Beulah downstream to the mouth the gradient
is about 4 feet per mile. All of the major tributaries of the Knife
except Spring Creek enter from the south., From west to east these
ma jor tributaries are: the South Fork of the Knife River, Willow
Creek, Elm Creek, Beaver Creek, Brush Creek, Otter Creek, and
Kinneman Creek. The South Fork of the Knife River and Elm Creek
are underfit streams that occupy two of the trenches that cross the
area. The rest of the tributaries appesar to be normal in that they
fit their valleys.

Spring Creek enters the area in the southwestern part of the
Golden Valley cuadrangle ard flows east across that quadrangle and

the Beulah quadrangle to Jjoin the Knife River one mile west of

\
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Beulah, Its flocdplain is abowt one nile wide and kas a gradient
of 12 feet per mile. Spring Creek's only large tritutary in the
area is Goodman CreeX, which rises in the western part of Vercer
County and flows southsast ;o join Spring Creek nsar the town of
Golden Valiey.

Both Spring Creek-and the Knife River rise in the Great Flains
and are ’:,he.z-efore subject to great seagonal variations of the North
Dakotz climate, They are fed by ennugh springslto insure a perennial
flow, but the sumer flow is so small that neither stream 1s used as
a water supply for any of the srall towns in the area,

With the exception of Riverdale all the towns and ranches
in the Knife River area derive their water supply from wells. A few

B ) ’
of the ranches situated along the tottomlands have shallow wells
in the aljuvial fills of the wvalleys, but for the most part both
muinicipal and domestic wells tap aquifers in the Fort Union‘ foraation
(Péieocene). The well ab Truax-Traer's Dakota Star Mine north
of Hazen goes through the Fort Union, Cannontall (Paleocens), and
Hell Creek (Cretaceous) formations and gets part of its water from
the Fox Hills sandstone (Cretacecus). The aquifers in the Fort
Union i‘o rmetion ars lignite beds and some of the sandstone beds.
As a general rule the lignive aquifers are better and give a stronger
flow of water. Water frou the sanastor}?e aquifers has a better taste
than that from the lignite teds but /i‘t ‘}i.s also hapder and is.
therefoire not preferrszd, ?.'étez‘ supply for livestock is derived in
part from wells and in pari from springs that issue from lignite
autc}ops.

7
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In the central part of the Broncho quadrangle are three artesian

vells; two ere in the bottom of the Knife River valley and ore is iIn
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R. 904., 13 eteout 300 fe=t deep and its coller is about 150 fest atove
the Knife River. Tnis well is not flowing but the head of water comes
within a few feet of the surface. The head of water in this small
' artesisn basin, therefore, is about 150 feet above the flood plain of
the Knife River. Were=it not for this fourth well, the three flowing
wells might.be catalogued in Fuller's narrow valley type of artesian
system (1908, p. 39). But the presence of & head of water almost 150
feet above the Enife River floodplain at a distance of 2 miles from
the river suggests that this is truly a small artesian basin. From
the structure contour map shown ig pl. 5 it can be inferred that
the valley of the Knife River is about 150 feet lower strﬁcturally
than the southern boundary of the area. The strata continue to rise
to the south so that it is quite possible to get enough artesian head
between the Knife River Valley and a point about 20 miles south of
‘the area to account for thega wells,
Climate
lorth Dakota, in the ceﬁter of the great interior plains of

North America, has a continental climate. Winters eve long and
severs; summers, rather short and hot. AThe mean annual temper:ture
for the state from the years 1892 to 1949 is 39.6 degrees F.,
but this gives little indication of the extrere range of tempera-
ture., Winter tomperatures are frequently below -20°; surmer

tomperatures are frequently above 100°.. The highest

\
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temperature ever racorded by a U, S. Weather Bureau station is 124° F,
at Medora in Billings Counby on Septmeder 3, 1921. The lowest official
tempersture on record Is -60° at Parshall in Mountrail County on
February 15, 1936, but an unofficial low of =74L° F, was recorded by
the Lzwis and Clark Expadition at Fort Mandan in the Stanton quad-
rangle on Décember 16, 1304, The averare annual precipitition for

the State is between 17 and 18 inches, more than half of which falls
during the swmmer months. Tre highest precipitation is in the )
southeastern part of the State in the Red River Valley, vhere thre
average 1s more than 22 inches per year. This averare decreases

to the west to a low of less than 14 inches at the Montana-llorth
Dakota State line., The avcrage annual prccipiéntion in the Knife
River area is about 16 inches per year.

Since 1940 average precipitation in North Dakota has been above
or less than one inch below norral and the crops by and large have
been good, The most severe year in North Dakota was 1936, The
average precipitetion for this year was only 8.83 inches and practically
no crops were harvested, February of that year was the coldest month
on record, and July the hottest month; the temperatures ranged from
-60° F. at Parshall on February 15 to + 121° F, at Cteele in Kidder
County on July 6,

The growing season (the period between the latest ani the
earliest killing frosts) ranges from 110 to 120 days. Although
this is a comparatively short season, the groﬁth of crops 1s favored
by the length of the days in thie surmer months., On June 21, the

longest day of the yecar, the sun shines for about 16 hours.,
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Crop growth is also favorad by two other factors, the large numbsr

of clear days during the growing season, and the fact that more than
»

half the annual rainfall comes during the summer months. Host of

tne summer precipitation occurs as local thunder showers co that

althourh the average precipitation for the State may be hiph, certain

local areas can have crop failures during a year when the average

precipitation is above normal,

The success or failure of wheat and other gr.in crops deponds nct
only on the location of the local thunder showers, but also on their
timing. If siiowers fall when grain is sprouting and when it is
filling out, a successful crop may be harvested even though the

‘preqipitation is below average. If showers do n;t fall at thess
critical periods the crop may fail even though the annual average 1is
above normal,

Vegetation

The rnife River area has a prairie type vegetation. Native
grasses cover rost of the uncultivated uplands and slop2s, .ni trees
are confined to the vulley bottoms and to protected gullies where
the water supply is more plentiful,

Boxelder, cottonwood; green ash, and white elm are the most

" abundant types of trees, and of these only the green ash is commonly

found away from springs or the bottoms of stream valleys, OSmall

groves of green ash are found on the north end northeast sides of some
hills where evaporation is slower than it is on slopes more directly
exposed to the hot summer sun. Cottonwood is abundant along the bottoms
of the major streams. Apparently it is limited to areas where the

water table is within a few feet of the surface,
20



in the badlands of the Little Missouri River, but in the £nife River

area the only native conifer

pobo

s a low*creeping juniper, (Ponderosa
pine does not occur nizturzidly but has besen crown successfully in sone
windbreaks.) The creepins juniper prefers steep, partialiy bare slopes
and is abuniaint on the sandy clay outcrops of the basal menber of the
Golden Valley formation (Focene),
Bur Oak was found in some of the gullles adjacent to the Missouri

iver but appears to be absent ovar most of the ar=a. fRuaking aspeﬁ
occurs in smll groves usually at the heads of gullies near the Knife
and ¥issouri Rivers, Saveral small varieties of willow border most :

b3

he sumuar months, but the

poe

cr

of the streams that have water dwring

g
only spacies thah grows to the size of a small tree is the peach :
leaf willow, In the latter part of the 19th century many of the

earl& settlers plented trees as windbresks and shade around thair
honesteads; but the typzs of trees were 111 chozen to stand the rigors

of the climate., And ths settlers dld not rezlize the need for

cultivating their groves. 4s a result neerly all of these early

14]]

plants soon died out, Today, however, improved mathods of cultivating
and & wiser selection of the types of tree has shown that windbreaks

and shade belts can be successfully grown around the farms and ranch

houses, Russian olive has been imported and is a major constituent
of most windtrauks,
Native fruits include will plum, western chokecherry, buffalo

berry or bull berry, and service terry. bBuffalo berry is most abundant

in the stream vellsys but is cormon 2lso on some parts of the upland,



The following list of trees and shrubs is not complete but shows
the corron types identified in the Knife River area:
Conifers: s

(1) Ground Juniper (Juniperus sp.?)

Declduous trees and shrubs:t

(1) Black Sage (Artemsia tridentata)

(2) Boxelder (Acer regundo)

(3) Serviceberry (Amelanctier florida)

(4) Dogwood (Cornus sp.)

(5) Black Hawthorn (Cretsesus donglassit)

(6) Green Ash (Frexinus rennsvlvanice lanceolnta)

(7) Cuaking Aspen (Poguius tremloides) -

(8) Plains Cottonwood (Populus sargentii)

(9) Wild Plum (Prunus americara)

(10) Western Chokecherry (Prunus virginiana var. demissa)

(11) Wwild Rose (Rosa hurilis)

(12) Peachlenf Willow (Salix emysdeloides)

(13) Silver Buffaloberry (Shepherdis arpgentea)

(14) Nannyberry (Viburnum lentego)
'

(15) Vhite Elm (Jlmus americana)

(16) Bur 0Oak ("uercus macrocarpa)

Cultivated treest

(1) Maple (Acer sp.)

(2) Russien 0live (Elaeapnus angustifolie)

(3) Western Yellow Pine (Pinus ronderosa)
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Native grasses cover o<t of the region that is not under culitiv-tic
axt are one ol the chilef n.tural resonrces. The most abunlint types are
tie blue stems, western Wheat ;rass, slenaer wheat jrass, -quuck grass,
cord zrass, wild rye, the blue joints, framnmas, buffalo ~rise, and
priairie June grass, The‘blue Joints, sand grasc, and cord gracses are
tie principal hay crops on the moist bottom lands. OUver-pacturing
the dry suner menths has killed oub some of the ¢limax -rasses

Servey
curtin

Ut

in many of the pastures with the rosilt of permanent injury 2o wnes
trac:é. dvery possible effort should be mwide to presecrve the native
grasses; they arc naturally adapted to ﬁhe conditions and it is
improvable that introduced forms can take their plages sabtisfashorily.
The vegetal cover has a pronounced effect on the rite of runoff
and evaporation in this area. In wooded areas, the thicx forect
litter and humus Soil retain moisture that falls as roin or snow, and
the shade of. the woods slows evapor:stion., In contrast, the pruirie
grasses that cover most of the Knife River area form a thick matted
sod that is fairly impervious, preventing much of the rainfall from
soaking in, and increasing the runoff from heavy showers. Thnis sod
also holds the moisture from light rainfalls near the surlace where
evaporation is rela?ivcly rapid. The ground wat~r table, thercfore,
is relatively deep; in fact most of the water tables are :ictuz:lly
perched, in that theyAare confinéd to aquifers above and below which
the beds are dry. The breaking up of the tougnh impermeable so.i by
cultivaﬁion has further lowered the water taﬂle in many pleces. ‘
.Although the rainfall is absorbed more recadily in the caltivated soil,

evaporation is also more rapid aal the new vegetation waxkes a heavy
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demand upon the ground water, The raesult is lowered water tables,
increased dryinz up of springs and streams, and a need for dseper
L

wells,

Culture and accessibility

George Mcriwether Lewis and #William Clark were not the rirst white
men to see the Missouri River in North Dakota, but the diary of the
expedition under thelr command is the first detailed account we have
of tne re;ion. They re;ched what is now North Dakota in the fall of
the year 1804, and built Fort Mandan, their first winter camp, on the
floodplain of the Missouri River & few miles downstream from the
mouth of the Knife River (sec. 14, T. 144,N,, R, 84 W.). This
stretch of the Missouri valley was at that time inhabited by four
smaller tribes of Indians, the Mandans, the Ahnahaways (also called
Wattasoons and Shoes), the Minnetarees of the Willows, and the
Hinnetarées proper a tribe of the Fall Nation, These tribes built
lodges of wood, mud, and skins, and the sites of most of their villages
are still easy to find, especially with the aid of air photographs.

The locations of all but ons oflthe villages occupied in 18G4 were
found and have been shown on the Stanton quadrangle, The large village
north of the Knife River in sec. 21, T. 145 N., R. BA W., was occupied
by the Minnatarees, a tribe of about 450 braves. The villare in the
northern part of sec, 33 was inhabited by Minnetarees of the Willows,
and the villarge on the hill near the center of the same section was
that of the Ahnahaways, a tribe of about 300 people. The villace

in sec. 16, T. W4 N., R, 84 W., was one of two Mandan villages;

Aot -t ot



the other Mandan village was on the north side of the Missouri near

the expedition's camp, and the site of this village was not seen. | .
. - Iy
The villape near olq;Fort Clark in sec. l4 was probably also a Mandan ¢

—_—

village that had been aiac;x‘r;;oned prior to 18C4. The two Mandan villages
had a total population of about 500, all thabt was laft of the tribe
that a few decades earlier had totaled nearly 2,000 and had occupied
nine villages farther down the Missouri near the mod=rn cities of
Bismarck and Mandan. Disease and war had reduced the Mandans in
number, and they had moved north to be near the other tribes for :
]

mutual protection against the Sioux., It was during the stay at f

Fort Mandan that the expedition obtained the services, as an interpreto

’

of Jacuues Charbonncau, a French trapper, who lived with the Ahnahawaysf

'
[

with his two Indian wives, One of the wives was Sacajawea
(Sha-xa~-ja=way-ha), who was later to earn a place in Amarican history
as a meémber of the expedition,

The Knife liver area west of the Missouri was peopled, in 1RCL,

R A, T T -

by the numerous and warlike Sioux nation. The Sioux were nomadic, and
the sites of their villages are difficult to find, as they consist’
today of tepee rings, that is stones arranged in circles to act as
anchors for the bottoms of the tepees., Most of these rings have been ;L
obscured by.the works of the white men, but a few can still be seen ?4
on those level parts of ﬁhe upland thit have not been farmed, In the
Broncho quadrangle, in secs 1 and 15, T. 142 N., R, 90 VW,, are small

prassed-over pits dug into residjual concentrations of dark brown to
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black flint, These pits are the work of the Sioux, who used the flint
for weapons and other” implements, Evidently the Iniians 4id nct
fashion their tools-around the pits, because, although broken :ieces
of flint are nuwmerous, no half-formed or broken arpifacbs'can be

found in or around the diggings, Apparently the flint was dug,hand
cobbed, and the best pieces taken elsewhere for nanﬁfacturinr.

The present porulation of the Knife Rivar area is atott 11,000.
According to the 1950 census figure, Mercer County alone nas 8,486
people, ovef half of whom live on ranches or farms. DBeulah is the
largest town, with a population of 1,501; Hazen, with a popul=tion of
1,23C, is the only other town of more than 1,000 people.

Prior to 1900 most of the towns in the Knife ﬁiver area wars
along the Missouri and Knife rivers, with a few scattercd in the
upland regioné. The small settlemsnts on the Missouri River wore

important shipring centers for crain, and the villere of Zren in

[t
[&
3]
)—l
'
3
fun
w
ja ]
I
1)
2]
(4
¥
4]
(¢}
W
ot
[
1]
1
V)
rey
c*
¥
(0]
a3
)
N
%]
-3
2
W
M
'3
(1
w8
('
ped
1)
N
<o
(W)
14
>
t
[}
'

milling center. In the exzrly part of the 20th century the Morihern
Pacific Railﬁay Company pu£ a branch line across the Xnife fiver
area west to the town of Killdeer, Villéges not adjacent to the
reilroad were gradually abandoned and the population shifted to the
valleys of the Rnife River and Spring Creelk, the course followed by
the railroad,

A few miies south of the Knife River area anothcr cast-west
string of towns follows U. G, llirhway 10 and the main line of the

Northern Pacific Railway Company,
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Linpaev

Vost of the Knife River area i3 easily accessiblicoy—=w7liablle.
The rmajority of the section lines have been left open us rirht-of-
wiys, and many of these have been graded and partly graveled.  Two
Clate hirhwnys cross the area. UHighway 49, an all-weather pgravel
rosd, runs north near the eastern edge of the ¥edicine Iutte ouadrangle
and connects Beulah with U, S, 10 about 15 miles south of the arca,
Hi;hyay 25 runs east-west across the central part of ths area, following
nearly the same route as the Killéeer Branch of tﬁc Yorthern Pacific
Railway Company except in the Stanton quadrangle vhern it turns south
toward Hanover., ‘This Fighwzy is paved in the Stanton quadrangle and
is an all-weath:r sravel road in the rest of the area.

,

Several of the county-serviced roads in the northern tier of
madranpgles have been heavily craveled and are passatle in moct
weather, In the Broncho ani Medicine Butte quadrancles, Hifhway 49
is the only all-weather road, Som2 of the other roads have been
partly graveled but some sections of them are impassable after heavy
rains. All surface'ﬁ?ansportation is subject to the vagaries of
the severe winters in North Dakota, and both the roads and the railroad
rnay b2 blocked for many days after a severe blizzard, In the
exceptionally severe winter of early 1949, the towns of the Knife River
valley wers isolated sewv:ral times for periods as long as 2 1/2 weeks,
during which the only method of communic-tion and supply was by air.

Stock ranching and dry farming are the chief occupations in
this fertile but submirginal land. The l6-inch average annual rainfall

nmaxes dry farming a gamble in the Knife River area. -In y=ars of average

or abovg average rainfall the crops are for the most mrt excellent,
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for tie soils formed on the Fori mion formition =nd on tle rlneial
deponits are oo, Durin- vy coars virtuilly no erops are horvested,

.

Tirins the extresnd®droesht of the 1770's even the —acstare land
cuccwrhed Lo the riyors of “he waather, The little lives®ock *hut

woo kept dariss o thoese joars bl Lo T fad hy hay thet wae imrerted

Naw ani imrrove ! technirmas o Ary Tumiing

or that had veen sborad,

heve improved the yield of crops encuch that most f the (ir-mers can

mice a successful livie: if only about 1/2 of the rea=s Mave above
averare rainfall., It tharefore seews likely that barrinre 2 drastic

11 remain a combined ranching nd

.

chanze in climate, this nrea w

farming reoion,
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STRATIGRAPHY
The sbtrata underlying the Knife alver area ani adjacent paris
. <

of North dakota are described in five general catezories: (1) the
suvsurface rocks not exposed in the State but knowvn from drilling
are ‘briefly mentioned; (2) the late Cretaceous and eirly Faleoccne
rocks known from nearby areas; (3) the Paleocene and Zocene rocks
exposed within the area; (4) younzer Tertiary formatiorsnot present
in the Knife liver area; (5) surficialAdeposits.

Advance Summary

Thie Knife River area is just southeast of tne center of the

~illiston Basin, a snallow structural basin occupying most of west-
14

ern llorth Jakota. The greater part of the .illiston Basin is direct-
ly underlain by the Toncue River member of the Fort Union formation
(late Paleocene).

rarly Paleocene and late Cretaceous rocks crop out around the
margins of the basin in the southern and soutnviestern parts of the
State; Locene =and (71 ~ocene beds cap some of the higher tmttes and
underlie small synclinal areas in the central part of the oasin. Deep
wells drilled to explore the poszibilities for oil and'gaé ii the
%iilliston Basin show that strata-fanging in age froir Camorian to late
Cretaceous underlie but <o not crop oui in fhé basin,

Cnly two bedrock units, the Toﬁgue itiver member of the iort
Union formation (Paleocene) ;nd the Colden Valley formation (rocene)
crop out within the Knife fiver area. This classification of the
Tertiary beds differ from that cormonlyr dccepted for the darea,

Duoing: the mapping it wsas found tiizt beds formerly czlled fentinel

- . - . - s o ¢ AV s . <
Tutte shale {(Cocene; Uy Jz:izsr oani other (1343, and Hooson (Ivi3y
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contiain a [aleocene florce and interfingzer with the Toniue diver
member of the roru Union formation. They have therefore been
included in the Tongué‘iiver, znd the Paleocene-Zocene boindary
has been shifted upward sceveral hundred feet in the section. The
strata above this revised Tongue River member contain a ﬁgsatch
(early Eocene) flora and for these I have proposed the n;;w Golden
Valieyr formation (Benson and Laird, 1947, and Benson, 1949).
tentling the sedrock in the Krife Ziver area are thin glacial
deposits of ".isconsin age. At least tiree supbstages are represented,
the oldest beiné the Towan und the youngest probably the llankato suo—
staze. Deposits of the Cary substage mey be missing. The border of

- ?
the late Visconsin {({iankato) drift is rather indistinct but trends

d

northwestward across the arca throush the Golden Valley, Broncho, and
Iledicine Butte quadrangles. Southwest of this line the drift is very
thin and patchy and in niost places consists of boulders scattered on
the belrock surfuce, Ilortheast of tihils border the till is from 5 to
20 feet thick on the upland surfaces, and bedrock is exposed chiefly
in the sides of large willeys and in the bottoms of small ones.
Pleiztocerne deposits other than till include glaciofluvial de-~
posits, valley fills Prelated to the zlacial deposits, and isolated
gravel deposits of indete;@inate origins The stratigraphic succession

.

of the valley fills and glacinl deposits ié‘the main evidence that
three glacinl substaces are revreserted in the Knife River area.
lecent deposits include windblown sand, 1andslide.blocks,
residual deposits of silicifiedlboulders, znd two azes of alluvium.
local thick deposits of colluvium, especially in some of the larger

30



valleys, mve been mapped with the alluvium.

Subsurface rocks

Rocks noé‘exposed in North Dakota

The Williston Basin contains a thick series of strata, ranging
in ape from Cambrian (Deadwood formation) to late Cretaceous (iiiobrara
formation), that do not crop out anywhere in the State. These rocks
are noéidealt with in this report, but have been descrived from drill
logs by Ehlers (1943, pp. 1618-1620) and by Laird (1944). A prelimi-
nary log of the Kelley—?iymouth Leutz #1 well, drilled in the liedicine
Butte quadrangle in 1950, is given in the appendix.

The present search for oil in the Williston 3asin will certairly

?

yield a great deal more information on these buried strata within the
next few years. -
Late Cretaceous and early Paleocens rocks

The oldest rocks exposed in the Williston Basin of liorth Dakota
are the Pierre shai; and Fox Hills sandstone of the liontana group
(late Cretaceous). The Pierre shale is a gray to black marine shale
composed largely of montmorillonitic clay with local thin beds of
bentonite. It is about 930 feet thick in the eastern part of North
Dakota and thickens to about 2400 feet in the western part of the
State.. Under the Knife Riyer area it is abbut 1200 to 1300 feet thick.
In South Dakota the Pierre shale has been divided intb eight members
by Crandell (1950, pp. 2337-2346), but these members have ﬁot as yet
been distinguished in North Dakota.

Overlying the Pierre shale with a transitional contact is the

Fax [111ls 'sandstone, a marine formation consisting of gray and green
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shaly sandstone and sandy shale that characteristically weathers to a

rusty brown. Many of the s:udstone beds are glauconitic. The Fox
. g °
1ills sandstone ranges in thickness from about 60 to 85 feet along the
erst flank of the Cedar Creck cnticline in Dowman County, to nearly
300 feet thick along the hissouri River in Siowr, lorton and tmons
gounties. Along the Cedur Creek anticline the upper part of the Fox
1iills consists of a light ~sray sendstone known as the Colgate sand-

ctone memvber. The Colrjate memver contains thin lirmites and sone

fossil plents, but it also contains the fossil Lalxmenites major,

which is supposedly indicative of brackish water. In Sioux and .mons
counties a light gray sandstone, the probable equivalent of the Colzzte
- ’

menber, is locally present at the top of the Fox [iills formation, and

appears to interfinger with asequence of banded shale and sandstone
containing marine fossils.

The Fox liills sandstone is disconformably overlain by the [iell
Creek formation, the uppermost Cretaceous forwation in liorth :akota.
The Fox liills and Hell Creek foimaztions appear conformable stiructurally

) but the upper surface of the Fox tills wns eroded and channelled prior

to the deposition of the Hell Creek., I h;ve secn this disconformity
at Glendive, lontana, near liarmarth in Bowﬁan County, liorth Dakota,
and also along the Cannonob:ll iiiver in Sioux County, North Dekota.
dmith (Smith, Hendéll, personal communicatioﬁ) reports it east of the
Idssouri River in Irmons County and Jeésen (Jensen; F.S., personal
covumnication) has found it near Jordan, ilontana.

The Hell Creek was formerly a member of ﬂhe Lance formation,

. (
and was raised to formation%rank after it was discoverod that the
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Cretaceous-Tertiary boundary lies in the middle of the old Lance for-
mation in North Dakota and Montana (Dorf, Erling, 1940 and Brown, R.L.,
1938). The Hell Creek forma;;on of North Dakota is now thought to be
the equivalent of the type Lance formation in Carbon County, Wyoming.
Except for the local Breien member in Morton and Sioux counties, North
Dakota, the Hell Creek formation consists of non-marine caléareous
gray sandstones and brown to black carbonaceous and benfonitio clays,.
Thin lignite beds are fairly common in the lower third of the formation
out the upper part contains no persistent beds of carbonaceous clay or
lignite. Dinoraur bones are common and are easiiy found wherever the
Hell Creek crops out, and these, together with a typical late Cre-
taceous flora (Brown, R.L., personal communication) ;re the evidence
for the age of the Hell Creek.

In south-central North Dekota a thin forsiliferous marine sand-

stone interfingers with the lower part of the Hell Creek formation,

This sandrtone, the Breien member, contains a brackish-water fauna

that includes Halymenites and Ostrea glabra, and records a local re-
advance of the sea into southern North Dakota. According to Laird
and Mitchell (1942, PP 14-15) the Breien member 1ie§ abéut 20 feet
above the base of the Hell Creek formation and grades both above and
below into typical non-marine Hell Creek beds. '

The Cretaceous~Tertiary boundary in North Dakota is marked'by.no
unconformity and by no sharp lithologic break. The baral Fort Union
formation overlies the Hell Creek with a contact that is conformable
at every place where I have seen it. In some places the colors of
the two formations contrast sharply, but elsewhere even thirs color

contrast is absent. Typically the Fort Union is a lighter and yellower
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gray than the more sombre Hell Creek but at some localities this color
oontrast is reversed and the Hell Creek is actually lighter than the
basal Fort Union. According‘to Brown (Brown, R.L., personal communica-
tion) the most reliable lithologic criteria for mapping this contact are
the persistent lignite beds that typify the Ludlow member of the Fort
Union formation. The dying out of the dinosaurs and the appearance of
Tertiary elements in the flora both reem to take place just beneath

these first persistent lignites.

The Fort Union formation (Paleocene), directly underlies most of
the Williston Rasin and the upper part of this formation accounts for
most of the bedrock outorops in the Knife River arca. The Fort Union
formation in North Dakota has been divided into three members, the
Ludlow lignitic member, the Tongue River member, and the Sentinel Butte
shale member., The Ludlow lignitic member is the lowest member of the
formation and does not orop out in the Knife River area., It is the
approximate equivalent of the Tullock and Lebo members of the Fort Union
formation in central Montana (See fig.4 ). The Ludlow member consists of
yellow-gray sandstones, light to dark gray shaly olays, and thin beds
of lignite; it resembles the overlying Tongue River member except for a
generally darker color and thinner and less persistent lignite bed? In
many places in sbuthwastern North Dakota it is impossible to draw a sharp
boundary between the Ludlow and thé Tongue River members. The Ludlow
member interfingers eastward with the Cannonball marine formation. The
Tullook and Ludlow members of the Fort Union, together with the Cannon-

ball formation, were formerly designated as members of the Lance forma-
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tion tut the recent work of Prown (1933), Dorf (1940), ané Fox and Ross
(1942), has sh;m that all of these are Paleocene and the Tullock ard
Luclow are now coasidered members off?ort Urion formation.

The Carnontall marine fermation was deposited in a shallow cea tha'
occupied central North Dakota during early Paleccene time. It in%er-
tongues with and overlies the Ludlow member of the Fort Union formaticn
in south-central North Dakota. Two tongues of the Cannonball formation
have been identified in the Ludlow exposures along the little Missouri
River near Marmarth (Hares, 1928, p.24, and Brown, 1948a, p.1271). At

s type locality along the Cannonball River in south-central North
Dakota, the formation consists of 250 to 300 feet ?fllight to dark
brownish gray shaly sandstone and dgrk gray‘marine shales that contain
an abundant fauna of pelecypods, gastropods, foraminifera, and sharks'
teeth. The formation thins to the west, is concealed beneath glacial
drift to the northeast, and until recently was thought to be restricted
to southern ard central North Dakota. Recent work by Lemke and Rrown,
however, has shown that the Cannonball persists into northern North
Dakota and covers a large area in the eastern part of the Minot region
(Prowvn, R.L., and Lemke, R.¥., 1948, and Lemke, R. W., 1950). Stanton
(1920,pp 10-15) originally thought that the megascopic fauna of the
Cannonball formation was a relist of the on Hille fauna and indicated

1442 *

.show that the age of the

a late Cretaceous age. Put Fox and Ross
: . AL

meganscopic ‘fauna can be Paleocene as well as late Cretaceous. They
state also that the foraminifera are more closely related to the fauna

of Palsocene Nicdway formation of the Gulf Coast region than they are to

EEY
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any known Cretacrcus fauna. The Cannonball ferration crons out along

the Yicsouri River as far north as the town of Washburn, about 10 miles
.

enst of the Knife River area.

The raisings of the Zannonball to *he rank of a formation, while
loaving the Tullock and Ludlow as membars of the Fort Union formaticen,
rasults in the anomalcus situation in which the Fort Union formation
hoth overlies and underlier the Cannonball formation at its tyve
localitv. To me it would scem more lorical to retain the Cannonball
as a marine member of the Fort lUnion formation, just as it wus a
marine member of the Lance formation, but in this revmort I shall follow
tne official usare of the Geological Survey, which dersignates the

’

Cannonball as a sevarate formation.

Rocks exvosed in the Knife River area

A J

The sedimentary rocks exvored in the Knife River arca comorise
the Tengue River member of the Fort "'mien formation (Paleccrne) and the
Nolden Vallery formation (early Eocene), hero designated as a formation
for tho first time, This reore<ents a revision in the stratirranhic
section formerly accepted for tb&s region, and, in order to clarify
the terminolory, the history of the naming and correlation of the
formations will be discursed before the formationsare described in

detail.

Historical background
Previous correlations of the various formations and members of
the late Cretaceous and early Tertiary strata in western North Dakota
are givon in fig.i% The details of some of these correlations will

now be discussed.
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FCRT UUNION FCRMATION
\

Genersl history

The Fort Union formation was first described by Meek and Hayden
(1862, p. 432), who called it the Fort Union or Great Lignitic group of
beds. The type locality, near the mouth of the Yellowstone River in

some sf which are '
western North Dakota, consists of beds now correlated with the Sentinel
Butte shale (Brown, 1948a, 0.1270\, but Meek and Hayden included in this
grouo all the beds overlying the Fox Hills sandstone and underlyinz the
Wind River deposits in Wyoming. Several years later Hayden (1869, op.
89-92) extended the Ligniéic grcup to include beds along the Rocky Moun-
tain front as far south as Denver, and possibly as far as the Raton coal
field in southern Colorado, In 1876 Hayden replaced the term Lignitié
grouo with the name Laramie groun (1876, pp. 20-27 and 40-46), and in
1878 (p.IV) he stated that the old Lignitio group evidently included
beds of at least three different ages, namely, Wasatch on Fort Union on
Laramie.

By 1900 the correlation of the Laramie group had become so confused
that Hatcher (1903) redefined Upper Cretaceous beds in ea;tern Wyoming
as the Lance Creek beds, later called the Lanoe Formation. Hatcher de-
fined the Lance as the sombre-colored beds, containing ceratopsian dino-
saur bones, overlying the Fox Hills sandstone and underlying the Fort
Union formation, He considered the Lance to be the equivalent of type
Laramie and to;be Upper p?etaceous. According to Rrown (personal

comnuniocetion) and Dorf (1940) Hatcher's type Lance in Wyoming is rtill

a8 valid formation and is of late Cretaceous ape. When later workers ex-
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tended the name Lance to the north and northeast of its type looality,
they included beds that are now known to be Paleocene. In Montana tho
Lance included the Hell Creekx and Tullock members. Traced eastward the
Tullock intertongued with and was replaced by the Ludlow lignitioc member,
vhich in turn gave way to the east to the Cannonball marine member. Over-
lying the Lance wa; the Fort Union formation, which in central Montana
consisted of the Lebo and Tongue River members and in western North Dakota
of the Tongue River and Sentinel Butte shale members. As stated above,

by 1940 the great controversy about the Lance formation had been settled
to the ratisfaotion of nearly all the geologists who had worked in the

|

area and now it iﬂgenerally agreed that the Cretaceous-Tertiary boundary

is at the top of the Hell Creek beds in Montana qn& the Dakotas and at
the top of the original type Lance in eastern Wyoming. The Tullock and
Ludlow have now been made members of the Fort Union formation, and the
Cannonball has been ralsed to the rank of a formation.

The Fort Union formation as now defined includes all the continen-
tal beds of Paleocene age in western North Dakota and Montana. In central
Montana it consists of the Tuilook, Lebo, and Tongue River members,
Traced eastward (fig. 4 ) the Tullock and Lebo merge and grade into the
Ludlow lignitic member and in western North Dakota the Fort Union for-
mation consists of the dark Ludlow member, light-colored Tongue River
member, and, at the top, the controversial Sentinel Butte shale member.

Sentinel Butte shale

Previous correlations
The Sentinel Butte rhale was first desoribed by Leonard and Smith

(1909, p.16) as a member of the Fort Union formation in western North

t
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Thom and Lobbin (1924) called it Fort Union (?) but suggestod that it
correlates with the so-called intermediate coal group of northarn
Viyoming, and with the Kingsbury conglomerate that overlaps the granite
core of the Bighorn Mountains. Thias overlap they reparded as tho base
of tha Vasatch and suggested, therefore, that the Sentinel ™atte is of
Vinsatch age also. Although this corrolation was only tentative and did
not have supporting pesleontologic evidence, the Wasatoh ape of the Son-
tinel Putte rshale has largely been accepted by later worker~, including
Seager and others (1942) and Hannen (1943).
Seager and others clasaified the early Tertiary formations of
western North Dakota as follows (1942, po. 1414-1415):
Eocene series ’
Waratch formation
Unnamed member
Sentinel Butte shale member
Paleocene series
Fort Union formation

Tongue River momber

Cannonball member - Ludlow member
They stated also (p.1417) that the Sentinel Butte shale extends east from
its type looality near Sentinel Butte and is the surface rock in most
of Dunn County and part of Mercer County - in other words, it underlies
a large part of the Knife River area. They did not, however, describes
the lithologies of the Tongue River and Sentinel Butte members in these
counties, nor do they discuss the nature of the contact betwsen them.

Hennen (1943) attempted a reconnaissance correlation of all the

Teftiary formations in the western part of North Dakota and reaffirmed
that the Sentinel Putte shale, whiéh he too regards as Wasatoh, extends
east to the Knife River area, He relied, however, neither on paleon-

tology nor on lithologic differences between formations, but on the
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assumed great iateral persistence of sand and lignite beds, and arsumption
not confirmed by the detailed mapping in the Knife Hiver area. liennen
relied particularly on the assumed continuity of a silicified bed suvposed
to contain volcanic ash and silicified plant remains., This is his "marker
gsandstone 21", which e places near the top of the Tongue River member,
Brown and I together have examinod this “marker sandstone" in the vicinity
of Sentinel Butte and Medora, and we believe it is a silicified car-
bonaceous shale, probably formed along the margin of & coal swamp. ¥e
found no evidence of volcanic ash in the unit. Hennen's belief that

thore is only one such bed in thirs part of the stratigraphic column is
oontradicted both by the earlier work of Hares (1928,pp.34-35) and by the
detailed mapping in the Knife River area, where six similar silicified
beds were found at six different stratigraphic horizons. Most of the
objections to using silicified shales as marker horizons over wide areas

S;; but Hennen (1948) eo

(6 7]

were Ciscussed by Brown (1943a, pp.126%-12
strongly defended his correlations that I was led to recheck soze of tre
field relations in the badlands near Medora. Incdividual beds, as wsll

as the boundary betwesen the fongue River and Sentinel Butte members, are
casy to trace in this badland area, and it is otvioue that Hennen has
"jumped seotion" in crossing the Little Missouri River. East of the
river in southern Billings County, the silicified bed that he calls
"marker sandstone 21" near the entrance of Roosevelt Park and near

Sully Springs railroad station is actually in the Sentinel Butte chale.
West of the river in Golden Valley County the silicified béd that hre

also calls "marker sandstone 21", is 100 feet lower stratifraphically and

is in the Tongue River member. The Sully Springe silica bed actually
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doec extend wert into Gelcer Velle- S geree s

. e rorerTiic2e T L L Y.
_m2lnto7 drotc of fentinel Futte chale northeast of Flattop Butte.
Elsewhere west of the river, the Sentinel Butte shale and, of course,
the Sully Springs silica bed, have been removed by erosion. Inasmuch as
Hennen's correlations in central North Davota are based on his idontifi-
cation across sreas of poor exposure, of "marker rcandstone 21", I think
i1t unlikely that his Tongue River-fentinel Butte contact in and around
the Knife River area is at the same stratigraphic horizon as the Tongue
River-Sentinel Butte contact near Medora and Sentinel Butte.

Results of current investigations

The mapping and study of the formations in the Knife River area in-

’

dicated that the beds above the Cannonball formation and below Seager's
"unnamed member” ocomprise but one lithologic and paleontologic unit.
Their flora, according to Brown (personal communication), is a typical
Tongue River assemblage. Tnerefore, either the Sentinel Butte shale is
abgent from the area or it is Paleocene in age and inseparable fro& the

. Tongue River member.

This inability to distinguieh the Sentinel Butte shale in the Knife
River area led Brown to reexamine the whole problem, and be concluded
that the Sentinel Butte shale is, as originally defined, an upper member
of the Paleocene Fort Union formation (1948a, p.1272).
At various times during the summers of 1947 through 1949 Brown and
I together examined the Paleocene and Eocene formations in western North
Pakota in an attempt ‘to determine what happens to the Tongue River-
. Sentinel Butte contsot east of Sentinel Butte and the Little Missouri

_Riven, We reached the following tentative conclusions:
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(1) The contact between the Tonzue River and Sentinel Butte rhale
members of the Fort Union formation is essentially a color boundary, with
little lithologic difference between the two membors.

(2) This contact cannot bertifced direotly east because it dips in
that direction into t#é/wgilist;ﬁ Pasin and is concealed by younger for- ’
mations. It can, however, be traced along the Little Yissouri{ River
north and south from the type locality of the fentinel Butte shale near
Medora. To the south, the Sentinel Butte shale can be identified as far
as the Marmarth coal field (Hares, 1928), beyond which area erosion has v,

{
removed all the late Paleocene beds. To the north, the color contact can‘j
be followed, at or near the same stratigraphic horizon, as far as southerﬁ
UcKenzie County, where the dip into the Williston Basin carries it below
the floor of the Little Missouri Val ley, ’

(3) Beds representing the spproximate stratigraphic horizon of the
Tongue River-Sentinel Butte contact reappear at the surface on the east
side of the Williston Pasin in eastern McKenzie, northeastern Dunn and
western Mercer counties. In this area, however, there is no color change, 7
The section as a whole is dark, resembling the type Sentinel Putte shale;.j
but it also contains numerous light beds that resemble the Tongue River.

(4) The eastward darkening of the section is probably due to east-
ward thinning of the Fort Union formation, especially the Tongue River

member. Near Medora the combined thickness of the Tongue River and
Sentinel Butte members is between 1,000 and 1,500 feet and sand comprises
about half of the section. In Mercer County, the thickness of the Tongue
River-Sentinel Butte beds is probably less than 800 feet, and the section
is 60 to 65% gray shale. Algo, as the total volﬁme of sediments de-

oreaseg, the relative abundance of ocarbonaceous materiel inoreases,
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cauring a darkening of the cecler.” It is not eurprising that the color
contrart between the Sentinel Putte shale member anc the Tongue River:
member does not persist as far east as the Knife River area.

(§) The Sentinel Putte shale, therefore, is mappable as a separate
menter of the Fort Union formaticn only near ite type locality in wertern
North DPakota. To the east it anvears to intertcngue, both laterelly and
vertically, with the Tongue River member; ¥We therefore suggest that the
name "Sentinel Butte" be used only in western North bakota; a;d that
beds of equivalent age in the central part of the state be included in
the Tongue River member of the Fort Union formation.

GOLDEN VALLEY FOR™ATION

Previous descriptions ’

In numerous isolated localities in western North Dakota the Tengue
River and/br Sentinel Putte shale member of the Fort lUnion formation
is overlain by beds of light-colored clay and sand that have received
little attention since 1906 when they were firrst described by Leonard,
Clapp and Rabcock in the Fourth Biennial report of the North Dakota
Geological Survey. The authors of this report dercribed numerous out-
orops of white eandy fire clays overlying the Laramie formation (which
then included the Fort Union formation) on the interstream divides of
west-central North Dakota. Leonard raid of these clays (p.88):

"These white clays, whick cover an area of approximately 4,700
square miles, lie at an elevation of from 2,450 to 2,600 feet above
sca level and are confined to the tops of the higher ridges and divides.
They have a maximum thickness of about 150 feet.

"The fire clays are remarkably uniform over tho entiro area, not
only in appearance but in chemical composition as shown by analyres of

samples from many different localities. Their white color makes them
conspicuous wherever they are exnosed.™.
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About 25 outorcp areas of these clays were examined in detail and chemi-
cal analyses and detailed ceramic tests were mace on numerocus samnles.
Conceming the stratipgranhic position of these clays the authors said

only that they are of Tertiary age and overlie the Laramie formation.

")

In the Chalky Puttes area in flope County, some beds of White River .
sandstone were included in these "light colored Tertiary.clays." 5

In 1911 Leonard again described these clays briefly and considered
them as upper Fort Union (1911, p.535)., He stated that they are well
exposed near Diokinson and Gladstone and several miles north of Hebron.
In the same report (p.534) Leonard desoribed the Fort Union formation
along the Little Missouri River in Billings County as consisting of two
mombers, subsequently called the Tongue River and Sentinel Butte shale
members by la ter workers. Leonard did not state what he believes to be
the relationship between the dark Sentinel Butte shale and the light-
colored upper unit near Dickinson.

The only other paper that describes these light beds is the dis-
cussion by Seager and others (1942, p.1416), who considered them
Wasatch (Eocene). They state:

"The Wasatoh formation of Eocene age is represented in North
Dakota by two members. The younger is an unnamed light-colored unit,
well exposed north of Hebron, North Dakota. The lower member is the

Sentinel Butte shale, a dark bentoniticimit whose type locality is
south of the town of Sentinel Butte, North Dakota."

Seager's only evidence of a Wasatch age for the “unnamed member"
is the fact that it overlies the Sentinel Butte shale; and, as stated

above, the Sentinel Butte shale is no longer regarded as Wasatch in age.

.
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Recults of present work

In June 1947 the Knife River field party discovered specimens of

the floating fern Salvinia vreauriculata Berry near the base of Seager's

” [ ' . . - . —_e . -
unna—ed zexter” in the hills north of Zetron, falvi-ia oreauriculats

ic conridered by Prown to be diagnostic of the lower Focene anc it
therefore appears that the "unnamed memter” is actually Focene and the
only Eocene formation so far recognized in Yorth Dakota.

After the discovery of Salvinia the "unnamed member" was studied in
detail in the Knife River area and mapped in reconnaissance in the rest
of southwestern North Dakota. It was proposed in 1947 (Renson and Laird,
1947, pp.1166-1167) to call thece Eocene strata the Golden Valley for-
mation and this name has been tentatively adopted pending the detailed
description and definition given in this report.

Because of his great interest in the stratigraphy of the State, I
originally invited Dr. Wilson M, Laird, State Geologist of Worth Dakota
to join me in the study and Dr. Laird spent a week with me during 19047,
contributing $any valuable ideas in the early stages of this wrk. Un-
fortunately the pressure of other duties made it Aecessary for Dr., Laird
to withdraw from this study. In subsequent years R. W. Brown of the
Geological Survey spent sevnrél days each summer with me and his great
knowledge and experience in Tertiary stratigraphy were of inestimable
value in the reconnaissance study of the Focene strata.

Tertiary system
PALEOCENE SERIES

Fort Union formation - Tongue River member

IHstribution and composition
For reasons already diecursed, all the Paleocene beds between the
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top of the Cannonball and the bottom of the Golden Valley formations
have been included in the Tongue River member of the Fort Union for-
mation. Beds stratigraohically ecuivalent to the Sentinel Butte shale
probably comprise the upper part of this Paleocene section, but théy

cannot be dirtinguished either lithologically or paleontologicaliy from

The rest of the seczezze ez sex zmenvsl as Trmgus Fiver |

teTe therefcre

ey

The Tcngue River member directly underlies most of the Xnife River
area and is well exposed in the Qissected areas bordering the Knife
River, Spring Creek, and the Missouri River. In this area the membder
consists of beds of non-marine sand and sandstone, silt, shaly clay,

. and lignite. Thin beds of lenticular 1imest;ne concretions are common
eépecially in the sand beds or at the contact between a bed of sancd and
a bed of shaly clay.

Contacts between beds, especially between cand and clay, are usuall;
completely gradational both laterally.and vertically, although a féw
exposures show sharp.erosional cont&cts at the base of a sand bed. Ther'

fore, correlation of the beds over areas of poor exposure is difficult

and uncertain at best.

Sand and sandstone

Beds of sand and soft sandstone comprise about 30 to 35 per cent

n

of the Tongue River member in the Knife River area. They range in thick;
nessvfrom a few inches up to 50 or 60 feet, and are evenly distributed
throughout the rection, except that the upper 100 feet of the member,
which tends to have more and thicksr sénd beds than tho lower part of
the sestion. Dosnite the great thickness of =ome of these beds, they

have 1ittle lateral persistence. Certain beds of sandstone 20 or 30
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feet thick pinch rapidly and die out in a few hundred feet, so that in
many plnoes it is diffioult to mateoh accurately sand beds in seotions
measured less than half a mile apart.

The ocolor of the sand beds ranges from buff and light yellow gray
to medium gray with the various colore distrihutedluniformly in the
seotion, The lighter-colored beds resemble the sands of the Tongue
River member in eastern Montana, except that they seem to contain le ss
white mica. The darker ;and beds resemble the sands of the Sentinel
Butte shale near its type locality.

Most of the sand-beds are fine-to medium-grained; a few are coarse-
grained, and two beds near the base of the membser in the southeast part
- of the Stanton quadrangle are conglomeratic, the "éebbles" consisting
of clayballs. The sorting is variable, Sfome beds are well-sorted and
oconsist chiefly of sand-size particles; others are very poorly sorted
and contain large percentages of silt and olay. There are all gradations
between clayesy sand and sandy clay.

Bedding is more easily seen in the beds that have been indurated to
sandstone. Although most of the bedding is even and horizontal, ripple %
bedding is common in many of the fine-grained beds. A few of the coarse
beds show out-and-fill stratification, with the for.sets haying a general
easterly dip.

Megascopically the sand grains appear to be mostly quartz, with some
grains of angular ocaloite, a few pieces of fresh to weathered feldspar
and a suite of heavy minerals that do not constitute more than 1 or 2% of
the érains. No microscopis study was made of these heavy minerals but
in the Heart Butte quadrangle, about 35 miles'southeast of the Knife

River area, Tisdale indicates that thess heavy minerals were protabdbly
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@orivcd from metamorchiz and igneous rocks (1941, po.30~31), Tisdale
further states that whilr scme of the -rains show little rounding and
are orobatly in their firc<t cvecle of s=edimentation, others are well-
rounied and oretably recerd a second or third seneration of sedirmen-
tation (pl. 7E).

Some of the sand beds are weakly cemented by calcium carbonate or
iren oxide to form & crumdbly sandstone. The iron oxide cement is nro-
bably secondary, the result of the weathering of a sands=tone whose
original cement was a ferruginous calcite. In a few beds the volume of
the calcite cement is rreater than than of the sand grains. Many of
the sand beds have little or no calcite cement but do have a considerable
admixture of clay and harcden to a compact soft sandstone on surface ex-
nosure., OStill other beds are composed chiefly of fine-grained quartz
and are not indurated at all. Many of the =andstone beds are made up
of a series of large calzareous concretions. Some ¢© there concretions
are nearly oure limestone and, in vlaces, conta’n fo<sils of plants or
fresh-water gactronods.

Most of -the uncemented sand bed= weather light yellow to yellow-
gray. The indurated beds weather 1ight rray to dark brown, devending
largely on the iren content of the cementing material. Seme of the
candstone is spotted with small balls of limonite, which rtain the sur-
face a yellowish brown. A few of the<e balls contain cores of un-

weathered iron sulohide, vrobably marcasite. Seams of limonite are

common both in the sandstones and in the shales,
The source area of the Fort Union formation was probably to the

west, in the Rocky Mountain area in northern Wyomin; and Montana.
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Tisdale (1941, »p.30-21) found that some of the garnet fragments in the
sandstones have magnetite inclusions similar to garnets in the meta-
morphic rocks exposed in the Black Hills and sugzests that the PRlack

.
e

Hills may have been a source for somehof the Fort Union sediments.
does not believe, however, nor do I, that the PBlack Hills sunplied all
the sediments of the Fort Unicn formation in North Dakota. First of all’
the volume of the Fort Union appears to be too great to have come from
so small a source area. Second, in the Knife area the sandstones with
cut-and-fill type crossbedding show foresetting to the east, indicating
that the major streams probably came from the west rather than the south
~-Shale and clay--

?

Beds of shale, shaly clay, and clay make up about 60 or 65 per cent
i
of the Tonpue River member in the Knife River area and ranre in thick-

ness from a few inches to several tens of feet. They range in color

from 1ight to dark gray and brown, depending largely on the carbonaceous

content. . ' ;

Most of the shales and shaly clays are silty to sandy, but some o
beds of pure plastic clay occur, especially just above or below a bed .
of lignite. The bedding is horizontal, and some of the silty shales
show fine laminations.

The hard dry surfaces of the clay show varying amounts of crackingf
and this together with the gray colof.has led many workers to call these
beds "bentonite" and "bentonitic clay." The terms, bentonite, bentoniti
clay, and volcanic ash have been appllied very loosely to many of the Tor

tiary sediments in the Great Plains. Any clay that cracks on outcrop is

said to be bentonitio; any white sandstone is said to contain volcani~
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ash. Most of the beds revorted to contain this volcanic material have

not been Investigatdd in the laboratory, which would seem to be essen-
tial before the terms can be safely used. In the Knife River area I

found no true bentonite and onfy a few beds that are probadly ben- i
tonitic clay. The results of petrographic tests of the drill coras

from the Bronocho dam site which were furnished by f. W, Kirchen of :
the Bureau of Reclamation indicate that most of the clay beds are com- '
posed of a mixture of montmorillonite type, illite type, and kaolinite
type clays, and that the illite type and kaolinite type clays in general
predominats over the montmorillonite type. One or two beds of dark

gray olay do appear to swell up to 100 percent and these may actually

be bentonitic. The other beds, however, ap;oar to swell very little

and the oracking on the surface 1s almost certainly due entirely to

the drying out of the beds.

Many of the silty and sandy clay beds appear to have some calcium
carbonate cement and nearly all of the clays, with or without this cement,
bake to a hard surface in the summer sunlight. This induration, how- «
ever, is a surface phenomenon and is temporary; when wet the olays regain
their original plasticity.
--Lignite beds--

Reds of lignite range in thickness from a few inches up to many
faet and are the most persistent beds in the Tongue River member. Even
the lignites, however, are unreliable as marker beds across aroas of
poor exposure, for their lateral persistence is extremely variable. For
example, the Twin Buttes lignite bed in the western part of the Medicine

Rutte quadrangle is a thin impure lignite that only locally exceeds
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2 feet in thickness, yet it persists over about 100 square miles in

this quadrangle and is easily identifihble by a thin clay parting atove
the middle of the bed. In contrast to this other beds of lignite 5 or

6 feet thick pinch out into clay or sand within a few hundred feet.

This rapid pinching of the coal bed doss not apnear to be due to later
channsling but rather is a facies change. The thick Beulah-Zap lignite
bed crops out in over two-thirds of the Knife River area and is the

best horizon marker in the Tongue Rivermember of the Fort U'nion formation.

The appearance and physicai prpperties of the lignite are described
under the seotion on Feonomic Geology. |
--Clinker-- '

Many of the thicker beds of lignite have burned along their outcrops
ané the fires have fused and baked the overlying sediments to form a red
clinker, or "pseudo-scoria." Where the overlying beds were sanéy or
where the fires were not excessively hot, the alteration involved bak-
ing with 1little effect on the original sedimentary textures. Where the
beds were clay and where the fires had a good draft, some of the strata
have been fused and resemble the slag from a blast furnace or the real
scoria of a lava flow. In fact, the first English description of the
clinker beds of North Dakota appears to be in the diary of the Lewis
and Clark expedition, where these rocks were called pumice stone, im-
pPlying that they were of volecanic origin. v

After they have been baked and clinkered, the shales and sandstones
are much more resistant than most of the other beds in the Fort Union

formation., Many benches and small isolated buttes owe their existence

to their protective cappings of clinker.
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The flres that burned the lignite and baked the overlying sediments
have been ascribed to spontaneous combustion, lightning, and prairie
fires, but the latter two causes seem totally inadequate to explain the
great amount of burning that has taken place from time to time. That
lignite cun catch fire by spontaneous combustion was demonstrated in the
summer of 1949 when a pile of lignite, stored experimentally near the
Garrison Dam in the Stanton quadrangle, started to smolder without bene-
fit of lightning or any other external fire.

The burning of the lignite bedz proceeds inward from the outcrop
for varying distances depending on the thickness and character of the
overburden and also upon the thickmess and quality of the lignite itself.
Thin beads burn, but in general the combustion ;f these beds is slow and
generatas little heat. The clinker thus produced is usually thinner and
lighter in color than the clinker produced by the burning of & thick bed
When a thick bed of good quality burns tha volume of the bed decreases
to about 20% of the original volume. This causes the overlying strata
to slump and crack, creating new paths to supply oxygén to the fire be-
low. If the bed crops out on a steep slope and the overburden is thick
these cracks may not extend to the surface of the ground above, and
burning will stop a few feet back from the outcrop. If the slope on ;
which the lignite crops out is gentle and the overburden is thin thg .
collapse and oracking can continue to supply air to the fires for as
much as a cuarter to a half a mile back from the outecrop, and the bed
will burn out thoroughly for this distance. Once the bed is set on
fire it can smolder and burn for many years. The manner in whish these.

lignite beds burn i= well shown by the so oalled burning coal mine nort
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wert of Amidon in Slove County, southwestern North Dakota. Here, in
Sec, 14, T. 135¥,, R, 102%W,, the Harmon lienite bded is actively dburn-
ing today and abparently has been burning continucusly since before
1711 when Hares mavved the Marmar~th lignite firld. Yares reports that
this bed was burning with intence heat and that large sncowballs rolled
into the opening of one cof the vents were converted almost immediately
to steam (Hares, 1928, p.51).
~The burning of the lignite becds and the formation of the clinker
has evidently gone on ever rince the Fort Union formation was expoced
to weathering and erosion. Pieces of clinker are found in the oldest
glacial deposits in the Knife River area, and as these deposits are
thought to be of Iowan age {t indicatee that {he beds were extensively
burned vrior to Wiscconsin time. On the other hand, in the northern vart
of the Beulah quadrangle in many parte of T, 146N,, R.RBW,, till of late
Wisconsin (Mankate) age has been clinkered by the burniﬁg of the Beulah-
Zap bed. Some hand specimene of this clinker show in thamrelves two
genorations of burning, for the baked till includes piecer of older
clinker. Hares (1728, p.52) shows that the White River formation in
southwest North Dakota and eastern Montana conteins a few fragmente of
ancient clinker, and I have found two small pieces of what appear to be
clinker in the White River sandstone on West Rainy Putte in Slope County.
Thue, the turning of the lignite beds seems to have started in the
Tertiary period as goon As the streams carved deep enouyh to expose the
Fort Union formation, and has continued through to the present.
--Silicified wood--
Silicified stumps and lorr ocour at many stratigraphic horirons
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in the Knife River area. Usuaily these stumps are found at the top of
a bed of coal or carbonaceous shale but locally they are in sandstone beds

Most of the fossil wood retains enough carbonaceous material to
color it dark gray to black. This dark color, howcver, can be scen only
on a fresh break, for on exposure it bleaches rapidly to light yellow or
white. 1In general'the original cell séructure of the wood has been well
preserved, and is easily seen with a hand lens. Although the Fort Union '
formation contains abundant fossil leaves of deciduous trees, all of the
wood found in the Knife River area was of a coniferous type. This is
probably due to the fact that the deciduous trees grew on slightly higher
and dryer ground. From this position their leaves could be washed into
the basins of accumulation, but the wood og dead’ or dyingz trees would
quickly rot away. The coniferous trees, on the other hand, were protably
swamp dwellers, similar to the bald cypress of today, and when these tree
died or were blown over during a storm, many of them were submerged or
were buried quickly below the water table where decay was inhibited. Ac-
cording to Brown (personal communication) many of these trees were pro- '
bably of the genus Metaseguoia, but some of them may have been close re-
latives of the modern bald cypress. At one locality in the Broncho
quadrangle R, B, Colton discovered a fossil stump that had knobs or knees
similar to those found on the bald cypress.

It is not possible to say definitely when the wood was silicified

but it was probably not long after the deposition of the sediments. The

scid waters underlying the coal swamps of Fort Union time probably had a

f
i

higher content of dissolved silica than the ground waters of any succeed-

A

ing géologic epoch. Also, it seems unlikely that the original cellulose
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of the trees could have withrtood the prescure of meny hundreds of
feet of eoverlying sediments without destroyving much of the cell
structure. Carbonized logs and stumps that comprise parts of the coal
beds have bedn cruched and flattened, but most of the silicified wood
in the Fort "ion formation rhows excellent precervation cof the cell
structurer,
--8ilicified rhale ané sandstone-~

Besides reuvlacing the wrod, silica has invaded, cemented, and oart-
1y or completely replaced cther local brds in the Tengue River membler,

In zeneral, three types of silicified beds can te differentiated, but

they are probably part of & gradational series and there is ne charo
dividing line between them. The most striking type of silicified bed

is protadbly the rilicified sandgtone er fine-grained ouartzite, These
beds consist of very fine-grained aquartz in & matrix of microcrystalline
silica. The whole rock is gray and homogencous in appearance; it is
very hard and breaks into sharp angular fragments when hit with a hammer,
I.ocal beds of this silicified sandrstone ceccur in many parts of North
Dakota and at various stratigraphic horizons in all the formations of
continental origin., Flocks of this silicified randstone or ouartzite
are extremely resistant to both chémical and mechanical weathering and
persist on the surface long after the weaker strata above and below

them have been eroded away. lIn Sicux County, southern North bairota, I
have seen large blocks of this sandstone more than five miles from the
outcrop of their parent bed, which here is in the Hell Creek forrmiion.
Thece blocks do not appear tc have been transported laterally but rather

seem to'hnve baen let down vertically more than 200 fect from their
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original position

The second type of silicified bed is silioified shale. The
silioified shale is similar to the sandstone except that it tends to be
yellower, splits along definite bedding planes, and shows few or no
quartz grains under the hand lens or under the microscsope. Prior to
silioification these beds were apparently gray shale., Commonly, the
silicified shale contains many plant impressions, nearly all of whioh
appear to have been rushes or other'swamp dwelling plants., Numerous
cylindriocal holés pass completely through blocks of the silicified
shale and appear to record the position of former roots or stems that
wore not silicified and that have been dertroyed by weathering.

Boulders of silicified sandstone and shale are not as common in
the Knife River area as they are in some other parts of western North
Dakota. A group of hills in the southeastern part of the Medicine Putte
quadrangle and extending south beyond the boundary of this quadrangle
is capped by‘residual boulders of silicified sandstone and shale, but
this is the only large concentration known in the area. These residual
blocks are probably let doﬁn from a silicified bed in the Golden Valley
formation.

The third type'oﬁ(silicified rock is actually a variety of silici-
fied shale, but the Sriginal bed, instead of being a gray shale, was a
black carbonaceous bed pfobably a lignitic shale around the margin of
a ocoal swamp. This is the most common type of silicified rock in the
Knife River area and occurs in at least 6 different stratipraphic hori-
zons within the area. These silicified carbonaceous shales range in

thickness from about 2 inch to 8 inches and are very thin bedded and
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platy. Like the fossil wood these beds bleach white on weathered ont-
crops but the fresh material is dark gray to black and appears to con-
tain a great deal of residual carbonaceous materal. Locally, silicifiec
stumps and logs rise out of these old soil zones. Apparently the silicl
fied black shales grade laterally into silicified gray shale, silicifiec
sandstone, or into a dark, denre chert. Residual concentrations of this
chert were formerly dug by the Sioux Indians in Secs. 1 and 15, T. 142V,
R. 90¥, | '

Hennen' s "marker sandstone 21" (1943, pp.1569-1570), which he be-
lieved to be a bed of volcanic ash that persisted over most of western
North Dakota, appears to consist of a number of local silicified car-
bonaceous shales. These silioified zones are ver& helpful in detailed
local correlations of the strata but there is no reason to suppose that
any one of them persists over many miles, or that, once it has pinched

out in a given direction, a silicified zone a few miles farther on isa

a continuation of the first bed.

The silicified sandstones and shales have been described by Tisdal,

(1941, pp.13-14) and in slightly more detail by Hares (1928, pp.34-36).
During his mapping of the Heart Butte quadrangle Tisdale did not find
any of these silicified rocks overlain by other bedrock strata, and
postulated that they might be due to upward moving ground water which
is depositing silica at the prasentAday surface., This seems to me a

rather unlikely explanation. First, there is 1little other evidence to

show that the present ground waters ure carrying much silica in solutio
t

or that they are depositing it at any particular horizon. Jecond, al-
though these silicified beds apparently do not crop out in the Heart
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Butte quadrangle they mey be seen in place, overlain by other Tertiary
strata, in many parts of western North Dakota, and they have been
penetrated by some waéer wells. Hares cites numerous ocourrences of
these silicified beds in North and South Dakota, and in many of these
places the sllicified bede are exposed in place on & hilleide. Where
they have been encountered in wells the silioified beds do not appear
to be quite as hard as they are on the surface, and it is auite possitle
that Tisdale 1s correct to the extent that the beds are case-hardened
by surface weathering. The siiioeous cement, however, appears to have
been introduced into the bed long before its exposure from the present
surface.

It is impossible to say when these beds w;;e silioified, 1t cer-
tainly happened before the beds were ocarved into their present topo-
graphy and- before the‘roots and stems of the swemp plants had decayed
and rotted away. My own opinion 1s that the silicification probabdly
took place during the early Tertiary shortly after the deposition of
the sediments.

--Measured sections--

The follswing partial sections of the Tongue River member of the
Fort Union formation are typioal of its lithology and appearance in
the Knife River area:

Section of the Tongue River member of the Fort Union formation
measured in the east half of sec. 14, 1. 144N,, R, 84W. The base of
the section is the bottom of the bluff of the Missouri Hiver Valley
near the Lewis-Clark monument. Top of seotion is capped by residual

of clinker of the Stanton coal bed. On adjacent hills this clinker
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orops out about 15 feet higher stratigraphioally than the top of

22,

this section. . Feet
1. Clay, silty, light gray, soft. : 9.0
2. Lignite, black, impure 0.2
3. Clay, dark gray, silty 1.1
4, Unexpésed " 2.0
5. Shale, gray, sandy, interbedded with sand,
light gray with c¢lay binder. 8.0 anprox.
6. Silt, gray, weathers light yellow 2.5
7. Lignite and ocarboracsous clay 0.5
8, Clay, dark gray, plastioc ‘3.3
9, Clay, yellow-brown, soft, silty , 2.8
10. Clay, brown, carbonaceous 0.1
11. Shale, light gray, silty 6.0
12, Shale, gray-brown, carbonaceous 0.5
13. Clay, shaly, yellow-gray, with iron oxide seams 9.2 ]
14, Lignite 1.6
15, Clay, light gray 2.8
16, Clay, shaly, lizght gray to brown, carbonaceous
with many plant remains _ 2,1
17. Shale, light gray with yellow silt bands 3.1
A18. Lignite, impure 0.1
19, Shale, gray o 3.0
20. Unexpossd . 3.0 approx,
21, Limestone and sandstone oconcretionary

i

horizon 1-2

Sand, clayey, weethers hard with drab
_ yellow-gray color 11.56
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2%, Shale, brovnm carbonaceous 0.2
24. Clay, gray, plastic, non~silty 1.1
25. Shale, black 0.1

26, Sand, and =andy clay, éradb gray with iron
oxide seams » 5.1

27, Shnale, drab yellow-gray with iron oxide seams 4.4

28, Clay, brown carlonaceous . 0.1
29. Shale, lizat gray i 2.3
20, Limestone concretion 1.0
3l. Clay, shaly, drab yellow-gray- 6.0
32. Ligaitoe 0.4
32, Clay, medium gray, carbonaceous 0.6

’

34. Sand; nard, clayey, with concretionary zomes,
stainad yollow by iron oxide 12.2-

35, Limestone concretions 0.7

36. Shale, drab yellow-gray, fossiliferous near

the base 12.8
37. Lignite, impure 0.1
38, Shale, gray, silty, slightly sandy 7.7

39. Poorly exposcd unit, mostly yellow silt and
gsandy shale 10. annrox,.

40. Sand-tone, fine rrained, rinple beddad and
cross bedded, light ;ray. Harder ledge-
forming beds at the too. 45.0

41. Shale, carbonaceous, sandy, with numerous
frosh water invartebrate fossils including
Campeloma and Viviparus 0.8

42 Unexnosed 20, anprox.

A
Bottom of saction at floodplain of Missouri River, altitude about 1680 1.

Total thickness 203.,1
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Section of Fort Union formetion measured in the northeast auarter

snoc., 1, T. 1434., R 838W.

10.

11.

12,

13.

14,

17.

19,

19.

20.

Lignite

Till
Lirnite

Shale, gray, well bedded with ailt and
sand laminae °

Sand, fine-grained, micaccous with car-
bonaceous laminae

I:i r‘nite
Unexnosed

Shale, brown, carbonaceous with abundant fossil
wood

Clay, shaly, gray, soft

Sand, fine-grained, soft, gray, with silt
laminae

Clay, shaly, gray, with laminee of silt,
Local eone of conoretions about 3 feet
above base

Clay, dark gray plastic

Limite

Shale, brown carbonaceous

Clay, dark greenish-gray, very plastic, swells
on exnosurs, may be bentonitic

Shale, light brown to gray, carbonaceous, many
fossil leaves including Osmunda

Lignite and lignitic clay

Clay, dark gray, very soft

Shale, gray to light brown, carbonaceous
abundant leaf fragments

Cléy, earbonaceous
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5.0

11.5

1.0

1’1

1.7

6.2

1.7

0.5
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21. Shale, s=ilty, interbedded with sand, fine-grained,
Laminated; all stained light yellow by limonite 7.8

22. Lignite - the Spaer bed 2.6
23. Shale, light brown, carbonaceous 0.6
24, Unexposed 2.3
25. Clay, shaly, hard, greenish-gray with

limonitoe concretions 15.7
26. Claystone, light gray 1.5
27. Clay, gray, silty 0.9
28. Sand, gray-brown, élayey 2 £

Base of exposure

Section of the Tongue River member of the Fort Union formation
moeasured in the northwest quarter of Sec. 5, T. 142VN., R. 89W., and
the southwestern corner of Sec. 30, T. 143N., R. 8SW.

Top concealed

Feet

1. Sandstone, light pray, fine-grained 1.0

2. Clay, shaly, gray . 3.5

3. Sand, gray, clayey 1.0

4, Clay, gray, silty and sandy ‘ 5.8

5. Shale, brown, carbonaceous 0.5

6. Shale, dark gray, silty 3.5

7. Sand, and sandstone, clayey, light yellow-gray 12.0

8. Clay, shaly, gray to brown 3.3

9. Lignite and carbonaceous clay, =Schoolhouse bed 6.6

10, Shale, brown carbonaceous 0.5
11. Unexporsed 3.5
13. Sand, gray, fine-grained 0.8
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13. Clay, dark gray, plastic
14, Clay, dark gray, carbonaceous
15, Silt, soft gray with sand laminae

16. Sand, and sandstone, fine-grained, thin bedded,
clayey, with calcareous concretions

17.5and, dark brown ;arbonacaous

18. Clav, gray, sandy

19. Clay, dark gray, silty

20, Shale, brown carbonaceous with lignitic streaks
21, Clay, “sandy, silty, gray

22. Sand and sandstone

23. Claystone, gray, silty to sandy, very hard °
24. Clay, black, lignitic

25, Clayey sand to sandy clay, gray

26. Shale, brown, oarbonaceous, with many fossil
leavas

27. Clay, gray

28. Sand, clayey, gray

29, Clay, silty to sandy

30. Shale, brown carbonaceous

31. Sand, gray, cqugy, interbedcded with silty clay
32, Tnexposed

3%. Clinker of Beulah-2a§ coal bed
34. Unexposed

35. Shale, gray to brown .
358. Shale, dark brown, oarbonaceous
37, iignite, impure
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38, Clay, gray brown carbonaceous 0.5

Section of the upper part of the Tongue River membor of the Fort
Union formation measured in the northern part of Sec. 1, T, 142¥,,
He 91%,

Top-Golden Valley Formation

Faet
1. Unexposed; contact botween Golden Valley and
Fort Union formations in this interval 6 /£
2. Sanc, lisht pgray, soft, with local calcareous
concretions ) 3,0
3. Sand, very fine-grained, clayey, lirht gray
to buff 12.0
4, Liznite, with interbedded brown carbonaceous
shalse , 2.9
5. Sand, dark gray 1.0
6. Clay, silty, dark gray 6.0
7. Clay, black licnitic 0.5
8. Clay, shaly, dark brown to gray, carbonaceous 8.2
9. Clay, dark gray - 3.0
10, Unexvossed 5.0
11. Sandstone, medium to light yellow gray, cal-
carous, with limestone concretion lenses 1.8
12. Clay, gray plastic with limonite concretions
at the base 1.0
13. Clay, medium gray, soft 4.2
14. Clay, light gray, stained white on the surface 4.0
15. Clay, medium to dark gray, silty, very nlastioc. 5.5
16. Unexnposod 2.0

17. Clay, gray, shaly 0.6
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13. Shale, brown carbonaceous 0.2
19. T.ignite, - Twin PButtes bed 2.0

20 Clay, brown carbonaceous 1.0

Thickness
No one exposure or area shows the complete section of the Tonrue
River member. If the beds have been correlated correctly between many

partial sections meagured in different parts of the area, a total of
.

about 550 to 575 feet of the member 1s exposed. Inasmuch as the Cannon-
'

ball marinne formation crops out on the Missouri River just to the east

of the Stanton quadrangle it would avoear at first glance that this fig-~
ure represents mearly the total thickness of the ?onzue River member in
this part of North Dakota, certainly the top of the Cannonball cannot
bec very far below the base of the section measured in the Stantoa gqued- !
rangle. However, the core of a héle drilled at the farrison Dam site

be/ow /11- Farrisen [rel/'( can! bed
indicates that the fwewer part of the Tongue River member K is 175 to ?00

A

feet thicker than it is in the southeastern part of the Stanton quad- b

-
A

rangle., The thickening of the Tongue River strata in this direction
may be due either to marine offlap or to the sinking of a local basin |
during deposition. At any rate, this extra 175 feet plus the 575 feet
indicated hx exposures in the Knife River area give a total thickness a
of about 750 feet for the Tongue Hiver in the northern part of the %
Stanton quadrangle. Qata from deep wells drilled in other partrs of the 3
Knife River areca&re unreliable but apoear to indicate that the Tengue
River member is at least 750 or 800 feet thick over most of the area.
Roelation to adiacent formations
IA central North Dakota the Tonpue diver member of the Fort "'nion

!
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formation overlaps and is essentially conformable with the Cannonball
formation as can be seen in exposures a few miles southeast of the
Stanton quadrangle. The upper contact with the Golden Valley formatior
appears to be conformable in all but a few exposures, where the basal
. sand of the Golden Valley fills in small channels in the topo of the
Tongue River.
Fossils

Leaf ihpressions are comnon or even abundant in many of the shale
of the Fort Union formetion and are found sparingly in some of the san
stone beds and in some of the limestons concretions. A single‘floral
assemblage 1s persistent throughout the formation in the Knife area,
and is, according to Brown, a typical Tongue River flora. Brown hus
identified the following types from specimens collected during this
survey:

Coniferous trees:
Glyptostrobus sp.

Thuja sp.

Metasecuoia sv,
ettt e ettt -~

Deciduous trees: ‘
Cercidiphyllum arcticum (Heer) Rrown
Aralia notata Lesnusareux
Viburnum antiquum (Newberry) Hollick
Sapindus pgrandifolius Ward
\ ' Ulmus SD.
. . Quercus penhaloe (P ™.
Platanus sp. o

Ferns:
Osmunda sp.
Onoclea sp.

‘ Dryopteris sp.

Water plants:
Paranymphea
Equisetum
Alisma

[o}}
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Freshwater gastropods and pelecypods are found locally througzhout
the section. In a very few local beds these shells are so abundant
that form small ledges of coquina, The following types, typical of t}’

Fort Union formation, have been tontatively identified from collectior

mads in the Knife River area:

Goniobasis nebrascensis Meek and Hayden

Campeloma sp. ,
Unio sp

Corzula sp. R
Viviparus trochiformis Meek and Hayden

Viviparus sp. )
Although many of the badland exposures were searched carefully, : |

remains of fossil mammals were found in the Knife River area. The oni

bones noted were a few vertebrae of the reptile Chamososaurus and som

L ..

pieces of turtle shell.

Interpretafion

The transitional contact between the Tongue River member of the
Fort Union formation and the underlying Cannonball marine formation
suggests that the Cannonball sea became shallow and was gradually re-"
placed by a low-lyinglcoastal-plain swamp. The Fort Union formation :
is often spoken of loosely as being of fluvial origin, but this implié
deposition by aggrading streams on wide flood plains an environmentr,
that would not be likely to produce a formation liké'the Fort Union. %
The lony, horizontal bands of laminated shale and the even thin-becde’ -
sandstones of the Fort Uinion record deposition in quiet waters or

waters that were flowing only gently. The extensive lignite beds she

that great swamps persisted for long periods of time. The fossil woc

appears to represent trees that had much the same habitat as the balc

cypress of the Gulf Coast toéay and the only common vertebrate fossil
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found in the Fort Union of North Dakota are Champsosaurus, a orocodile-

like reptile, and one or two species of turtle. These various facts
indicate that the Fort Union formmtion was laid down as a coastal-plain ,
cdeposit marginal to the Cannonball sea. Much of the country probatly
resembled the mouth of the Amazon River in Prazil. The great cevelop-
ment of the lignite beds and the sub-tropical floral assemblage in-
dicate that the c¢limate was meist and very warm.

EOCENE SERIES

Golden Valley formation

The Golden Valley formation here receives its first detailed de-
scription. Because all previous references to the beds that comprise
this new formation have been brief, the follgwing descriptions and
measured sections will not be confined to the Knife River areca, but
will embrace the outcrop area of the Golden Valley formation in south-
wester North Dakota.

Name and Definition .

The Golden Valley formation is defincd as the strata of Focene age
in western North Dakota that overlie the Tongue River and Sentinel -
Butte shale members of the Paleocene Fort Unicn formation and that eu'e:_t

!
unconformably overlain by the Oligzocene ¥hite River forma tion. The nar

was chosen because of the excellent exposures of the formation in the

m

vicinity of the town of Golden Valley in Mercer County. No one sectio:
shows tﬁe entire formation, bﬁt exposures in recs. 32 and 33, T. 144N,
R. 90%. and in secs. 2 and 5, T. 143N., R. 90W. south and southwest of
Golden Valley show the character of both the upper and lower members o€
the formation. The choice of this area as a typc locality can te criti-

68




~ized on the ground; tat the basel contact is not well expored, and,

as the formation caps the hills, the upper limit is not defined. ilow-
ever, the thickest and most extensive remnants of the formation are pres
se;ved in this area. In other areas where White River beds overlie the
Golden Valley formation, pre-White River erosion har remcved mort or alf
of the thick upper member of the Golden Valley formation. TIn the areas
where the basal contact is better exposed, the remnants of the formation
" are thin and patch, |

The Golden Valley formation as here definaed includes most of
Leonard's "light colored Tertiary clays" (1906, p.88) and most of Seag;
"unnamed member" of the Wasatch (1942, PP. 1414-1422),

Distribution {I

All the known outcrops of the Golden Valley formation are in Yorth
Dekota and it seems probatle that the formation is coufined to this
State., To the socuth, east, and west, older strata rise around the mar-.
ginsg of the Willieton Basin and any equivalent of the Golden Valley for~
mation has been stripped by erosion.

Remnants of the Golden Valley formation are preserved on the inter.
stream divides and in small synclinal basins over & large part of soutl'l
western North Dakota. The distritution of these remnants can te seen :
on the geologic map pl. 2. Host of the areas were mapoed cduring the ¢
study cof the feclden Valley foermation in the surmeres of 1947 throurh 3
1950, The outcrops in Oliver Counﬁy were mappod by W, D, Johnson, Jr.

of the Fuels Rranch of the Ceolo,ical SFurvey, and scme of tho outcroos

in the Fort Berthold Indian Reservation in Northern Dunn County were



‘compiled from recent mapping by Ellis Gerdon and Robert Dingman of the
iater Resouroes Division of the Geological Survey.

The largest outorop areas of the Golden Valley formation are in tho
eastern part of Duﬁn and western part of Mercer counties, in northwest
Morton County, and in central and northeast Stark County. Many small
isoclated outcrops are scattered over these counties and also in
McKenzie, Billings, Hettinger, Siopa and Oliver counties. The south-
western limit of known outcrops of the formation is in the Little Bad-
lands area in Stark and Hettinger counties. The easternmost outcrop
is in southern Oliver County.

In the Knife River area the Golden Valley formation underlies

’
large parts of the Broncho and CGolden Valley quadrangles and a few
small tracts in the Medicine Butte and Beulah quadrangles. It has boen
removed by erosion from the Hazen and Stanton quadrangles.
Compo=rition

The Golden Valley formation is easily divisible into two members,
the lower of whioh is so distinctive in 1ith010g¥jlatera1 persistence,
and prominence of outcrop-that it can be used as a marker bed over the
entire outcrop area of the formation.

--Lower member--

The lower member of the Goléen Velley formation consists chiefly
of Kaolinitic clays and shéles )&5 to 35 feet thick. The shales aro
light to dark gray and weather very light gray to ver& light purplish
gray. They are typioally silty and locally ocontain fine sand, but in

some exposures they are very plastic and nearly free of coarse material.
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Locally they contain numerous fossil plants. The clays are very light

gray to white, toqgﬁ, and are slightly sandy to very sandy. Certain
parts of the clay beds are mottled and stained a bright yellow-orange
by iron oxide, a brighter staining than is present in any cther beds
either in the Golden Valley formation or in the upper part of tha Fort
Union formation. The staining seems to come from small pellets of iroﬁ

oxide that are in turn relicts of siderite pellets. Thin layers of iron

[}‘/‘.‘{
oxide;orystals of gypsrum are common in both the shales and olays (pl.la
/i

In gross aspect most outorops of this member consist of three major:
units: (1) a basal unit of light purplish-gray shale; (2) a middle unit!

of tough white sandy clay, the middle or top part of which is stained

yellow; and (3) an upper unit of light gray to purplish shale similar

to the basal unit. This sequence is, of course, not invariable but it ;
is typioalef at least 2/3 of the outcrops of the member (pl.9).

Locally a thin, discontinuous unit of brown, micaceous, carbonace5“§
shale and fine—grained sand underlies the “marker-bed”,K;olins and ap- f
pears to belong with the Golden Valley formation rather than with the '
underlying Fort Union formation. This unit is welldevelop~d in a sec=-:
tion taken about three miles northwest of Hebron in sec. 23, T 140N.,

R 91W., where the Golden Valley formation caps a few isolated buttes. !
Northeast of this locality the "marker-bed" lies directly on the %
Earnisoh lignite, and, in the pit of the Hebron Rriok Company, a sandyg :
phase of the "marker-bed" channels into this lignite. This channel
contact is taken to be the Paleocene-Eocene boundary. 1In the localityv
just cited, however, about 14 feet of silty, micaceous sand and rhale

1ie between the Harnisch lignite and the Kaolin clays, and I have ten-

tatively placed this unit in the Golden Valley formation.
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The description of the “unnamed member" by Searer and others (194:
p.1416) is evidently intended to apply to the marker bed shales and sar
clays. They state:

"Large, bright yellow, calcareous sandstone concretions not exceeds?
ing six feet in diameter, imtecded in an ashy white matrix are character
istic of this formation., The concretionary zone is overlain by a bed
that apvears to contain a volcanic ash, ana it in turn is overlain by
more than 15 feet of yellow bentonitic clay. In some localities hard -

plish gray bench forming sandstone lies several feet abtove the bentonife .
layer.”

The "yellow bentonitic clay” and "purplish sandstone" are prﬁbably the
yellow stained clay and a sandy facieé of the overlying carbonaceous
shales of the lower member, I have examined carefully many outcrops

the Golden Vallev formation and have found ne bede that gro bentonitie -
that contain glass shards.

Several types of laboratory tests indicate that the light coloreé‘
clays and shales of the lower member consist chiefly of kaolin cluy |
mixed with varying amounts of silica, either in the form of opal or a
discrete quartz grains. (1) The many chemical analyses and ceramic t

made by Leonard, Clapp and Rabcock (1906 pp. 132-191) show that these

clays and shales are typical kaolin type with an admixture of silica., b
o

£
13

(2) Thermal dehydration tests made by Mies E. C. Fisher of the feo-
logical Survey indicate that most of the clay is kaolinite with some. |
small percentages of halloysite or endellite. The thermal dehydrati?r)%l
curves show also that there is a large amount of material that is ine

and cannot be ide?tified by this. (3) Thin sections of the white se
clays ‘show that most of the clay has a low birefrinsence typical of
kaolinite, Thin etringer< of a ~lay mineral with £}i-htly higher

_birefringence may be an iron montmorillinite. These stringers occur
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along small fracturcs and were probably formed during some post-Eoceno
period of weatheriﬁg.

Lignifes up to two or three feet thick are present locally but have
no lateral persistance except for one thin carbonaceous zone at the top
of the member. This carbonacecus or lignitic zone is only a few inches
thick in most localities but is preseut in nearly all of the outecroos
that were examined. In places it thickens to as much as 6 feet dbut in
genoral it is very lenticular and is not thought to contain valuable
reserves of éoal. In the Knife River area this bed has been mapped as
the Alamo Rluff Bed wherever it is more than two feet thick.

-;Local variations of "marker bed" ksolin clays--

Although in general the lower member o; the Golden Valley formatior
is much the samo over its whole outcrop area, it dees show three types
of facies change, all local, but all recurring in enough places to make
them noteworthy. These facies changes are:

(1) Locally the entire secuence of kaolégiﬁio clays and shales
grades rapidly into a white kaolénitio sand. A few samples of this .
sand were examined under binocular and petrographic microscoves and con-
sist chiefly of the following minerals: Angular to subangular guartz,

1
60 to 65%; angular oalcite, about 30%; fresh to slightly weathered feld-

(
spar, 2 to 3%; heavy minerals, 2 to 3%. The heavy mineralswere not
stuéied in detail but appear to be similar to those found in the Fort
Union sands. Garnet, tourmaline and kyanite were particularly common
in the samples examined under the petrographic microscope.

(2) Another variation or facies change in the lower member is the

)
local pinching out of the white sandy olays so that in some outcrons
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the entire member consists of very light gray to light purplish-gray
shales, In most places this variation is extremely local and out-
crops within a quarter of a mile of the abarrent section show the
typioal three-fold division,

(3) In Stark County, south of Dickinson anq also between (Gladstone
and Taylor, the "marker bed" shows a third type of lateral variation.
In these areas the yellow staining of the white clays 1s scarcely
noticeable on outorop; the whole member is white to very lipht gray
and appears to contain substantial amounts of free silica, especially
near the top. Locally this free silica has indurated both shale and
sandetone to form hard silicified beds like those desoribed in the
Fort Union formation. Siliceous blocks from the Golden Valley for-
mation litter the slopes of Davis Butte, a few miles North of Dickin- ‘
son.

--"Marker bed" in Fort Union formation--

I know of only one bed in North Dakota that can be mistaken for
the lower member of the Golden Valley formation. This bed which is .
just above the base of the Tongue River member and 50 to 75 feet beIOkJ
the Harmon lignite, orops out in southwestern North Dakota in Bowman
and Siope counties and is slmost ideﬂtical in appearance to the lowe:
member of the Golden Valley formation. It is well exposed in the Med'i
eine Pole Hills southwest of Bowman and can be traced north from this:
locality to a point about 13 miles east of Amidon. Over much of thig
distance the bed has a silicified zone at the top and the yollow stai
ing is less pronounced than in the "marker-bed" of the Golden Valley

formation. One of the best exposures of this bed is in the valley of
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Deep Creek in the southeast corner of sec., 20, T. 135N., R. 1N2%. in
Slope County. Althougg it was not described by Hares it would serm to
be an excellent local marker horizon for stratigraphic work in the
Marmarth area. A light gray/K;olin bed in about the same stratigraphic
vosition orops-ont at the h;re of Anarchist Rutte in Hardng County nerth-
west South Dakota.
--Upper member--

The upper member of the Golden Valley formation is as a rule poorly

,

exposed. It consists largely of coarse to fine-grained, yellow to gray
micaceous sand and silt with minor amounts of gray shale and silty clay.

The maximum thickness observed is about 150 feet and is in the
type area south of the town of Golden Valley. The total thickness of
the formation in this area is about 180 feet and this is the thickest
section observed anywhere in the state. In most other outecrop areas
erosioﬁ has spared lees than 100 feet of the Golden Valley formation.

Shales, silts,Aand clays comprise about 25 to 30% of the member
and are most abundant in the lower parf. Some of these beds, esvecially
the silts, have a greenish cast not found.in the Fort Union beds, others
of tham, esnecially the dark gray and brown carbonacecurs shales, ars
identical in appearance to the Fort Union shales,

Reds of fine-to;coarso—grained micaceous sand and calcareous sand-
stone éomprise 70 to 75% of the member as a whole and are thickest and
most persistent in the upper part. Individual beds are as little as
6 inches and as ﬁuch as 50 feet thick. In general the sands and sand-
stones of the Golden Valley formation resemble thoce of the Fort Union

formation é%cept for the following features: (1) the coarce-crained

beds of the Golden Valley formation are more hirhly cross-bedded,
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exhibiting both cut-and-fill-type and deltaic-type cross-bedding. (2)
The ccarse-grained beds are locally ceonglomeratic, the pebbles con-
sisting mostly of clayballs and reworked fossil woocd, with a few well-
roundec fragments of quartz and chert.. As noted avove, the only
"pebbles" in the Fort Union formation are a few clay balls. (Z) The
Golden Valley sands tend to be better sorted and have beds with large
percentages of clay. (4) In the Knife River area, at least, there is
much more mica in the sards of the Golden Valley formation than in
the Fort Union sands. In the extreme western part of North Dakota the
sands of the Tongue River member of the Fort Union formation becomes
more micaceous, and there is lecss distinctién between them and the
Golden Valley formation.

Coarse oross-bedded brown sandstone with mica flakes up to 1/@
inch in diameter locally compreses most of the upper member of the
Golden Valley formation., Medicine Butte in the Knife River area is
cappod by about 80 feet of this sandstone (see plgloB ). Other promi-
noent buttes capped by this sandstone are the Blue Buttes in McXenzie
County which were formerly thought to be capped by the White River
formation (Leonard, 1922, p.227 and Nevin, 1946, p.4). Black Butte,
in Hettinger County, is composed partly of this sandstone, but is
probably capped by White River beds.

Liénite beds are locully oresent, but do not have the thickness
or lateral persistance of the Fort Union cosls. The Shaffner bed in
the Broncho quadrangle is in a local shaly facles of the upper meuber
of the Golden Valley formation,

~--Oxidation and bleaching of upper member -~
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Around the margin of the Little Badlands svncline in western
Stark County the upper member changes its appearance; The outecrops
around the south and east =sides of this basin resemble outcrops of
the upner ﬁember elsewhore in the State, consisting mostly of yeollow
to gray miocaceous sands and silts intorbedded with thin carbonaceous
shales. Around the northern and western edges of the syncline, how-
ever, the upper member has been bleached and oxidized and apvoears in
many outcrops as white to light green and pinkish gray micaceous
sands, some of which are stained bright yellow by iron oxide. These
colors are similar to the colors of the marker bed in the lower mem-
ber, but the iithology is typical of the upper member. The gradation
between oxidired and unoxidized phases of the upper member can be =een
in the northwest quarter of scec. 14, T. 138N,, R, 98W, Here, the
"marker bed" crops out on the east bank of a small north-flowinpg stream,
and dios southwnrd into the syncline at an angle of about 5 derrees.
Overlying the "marker bed" are brown carbonaceous shales and yellow-
gray finé-grained sand and séndstone bedz. Followed to the south the
"marker-bed" dips below stream level and‘the co}gfqof the upner beds
graduallj ochanges to light greenish gray and‘#&gié);ith yellow mott-
lings.

The oxidized vharse of_the unper member of the Golden Valley for-
mation is well exposed also in seo., 15, T. 138N., R. 98W., and at
White Butte in the northwest corner-of sec. 32, T. 139N,, R, 97W, At
both localities the Golden Valley formation is overlain by white con-

glomeratiq sandstone of White River formation, and at White Putta this
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basal White River sandstone channels 15 to 20 feet into the Golden
Valley formation (seepl. 13 ). Diegnostic Eocene fossils were found
just below this unconformity at White Butte,

This oxidation of the Golden Valley formation evidently records
period of deep weathering that preceded deposition of the White Hiver
formatioh. |
~-Oxidation of other formations--

Southwest of the Little Badlands in Slope County, the White River
formmtion in H, T, Butte and the Chalky Buttes is underlain by 30 to 50
feet of white, yellow, and pink sands interbedded with variegated green,
pink and yellow shales. Although these beds greatly resemble the
oxidized upper member of the Golden Valley formati;; in Stark County,
they are not underlain by the distinctive Kaolin clay of the marker-bed
membar and all the fossils I found in them are typical Fort Union species.
It is my opinion that these beds are probably Fort Union strata, oxidized
in pre-White River time, just as were the strata of the Golden Valley
formation in the Little Padlands area. This opinion is further support-
ed by tracing the White River formation south toward the Black Hills,
Evidently the Black Hills area was domed in the post-Golden Valley pre-
White River interval, and the land was deeply eroded and stripped. The
amount of this erosion increased towarc the center of the uplift, and
the‘Whita River formation lies on progressively older beds as one goes
south toward the Rlack Hills. Regardless of their age, the beds im-
immediately underlying the White River in northwestern South Dakota havae
in many places been bleached and oxidized to various shades of green,
pink, yelioy and 1ight gray.
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--lMeasured Sections--

The following detailed sectious snow the typical lithology anc
general appearance of the Golden Valley formation in southwestern
North Dakota. Bocause this is a new formation that has not heretofore
been described in detail, I have included several sections moasured
outside the Knife River area. Section of the Golden Valley formatién
measured NE}, sec. 2, T. 143N., R. 90W., Rroncho quadrangle, Yercer
County. This section is in the type area of the formation.

Upper member Feet

1. Sandstone, gray to Wrown, fine- to coarse-grained
micaceous, conglomeratic 64 approx.

2. Sand, gray to buff, weathering yellow-brown, fine
to coarse-grained with conglomeratic zones con-
taining clayballs and fossil wood; highly cross-
bedded; similar to unit 1 but not cemented 20.0

3. Clay, dark gray, toward top becomes silty and
contains thin beds of fine sand; large gypsum
crystals at the top of this unit 9.9

4. Lignite, impure, interbedded with dark brown ligni-
tioc shale 1.3

5. Clay, brownish-gray to dark gray interbedded
with sand, very fine-grained, micaceous, con-

tain§ gypsum crystals 11.6 v
6. Sand, fine-grained, micaceous, carbonaceous 1.6
7. Clay, dark to medium gray with iron oxide seams 1.0
8. Unexposed . 13.5

9, Sand, very fine-grained, micaceous, poorly
exposed, partly cemented to calcareous sand-
stone 5.1

Lower member
10. Shale, lizht to dark gray with brownish gray car-
bonaceous layers and a few thin stringers of lig-

nitic olay, yellow zones stained by iron oxide 6.3

79




11. Clay, marsive, tough, light rray to whito, mottled and
stained yellow~orange on weathered surface, small
limonite pellets, slirht rsandy in lower two feet 5.3
12. Shale, light to medium gray, slichtly punlish,
cartonaceous, numerou~s plant remains, some ysllow
streaks of iren oxide 8.7
Base not exposad
Section of the Golden Valley formation measured NE}, sec. 8, T. 144N,,

R. 90W,., Golden Valley quadrangle, Mercer Ccunty.

Uoper member Feet

" 1. Sand, tine-grained micaceous, extensively riprle-

bedded and cemented into concretionary sandstone,

minor amounts of interbedded gray-green shale 17.0
2. Shale, greenish-gray with soms minor sandstone . 7.0
Lower member

2. Lignitic clay ' 0.2

4, Clay, light gray, slightly carbonaceous, shaly,
with minor amounts of iron staining . 156.4

5. Clay, tough, white, sandy, mottled bright yellow
by iron oxide, numerous iren oxide concretions 2.3

6. Shale, medium gray, farly well bedded, numerous
plant fossils including Metaseouoia, Platanus,
and Sapindus 6.0
28D 1 Nou ¢

Base of formation concealed

Section measured in sec. 1, T. 142N., R. 91W,, PBroncho Quadrancle, Dunn
County. The -lower vart of the section was measured along the center of
the north line. The upper part was measured in the southwest quarter
of the northwest quarter of the section

Golden Vulley formation

Unpor mamber

1. Saﬁdy, fine-rrainad, micaceous, pray to buff, canped
by calcarequs sandstone 25,0
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2. Shale, alternating brown ana gray, carboneceous
3. Lignite, impure

4, Clay, brown, carbonacecus

5. ‘hale, light gray

6. Lignite, the Shaffﬁer bed

7. Clay, brown, carbonaceous

8. Unexposed

9. Sand, fine-grained, soft, micaceous

10. Sandsﬁone, fine-grained, ripple-bedded, calcareous
11, Sand, fine-grained, micaceous

Lower membter

12. Clay, black, lignitic. Alamo Rluff lignite zone
13. Clay, light gray to white, blocky, silty

14. Shale, light brown, carbonaceous with fossil plants
weathers light purplish ’

15. Clay, black, lignitic

16. Sand, clesyey, kaolinitic, interbedded with sand, dark
brown, carbonaceous,weathers livht pinkish gray

17. Clay, brovm, carbonaceous

18, Unexposed, contact between Golden Valley and Fort
Unicn formations somewhere in this interval

=

Fort Union formation,'Tongué River-Sentinel Butte member -

~.

19, Sand, light gray, crossbedded with local sandstone
concretions

20. Sand, very fine-grained, clayey, interbedded with
soft gray silt

21. Shale, dark brown, carbenaceous with thin beds of
lignite

22. Sand, fine-grained, dark gray
23. Clay, dark gray, silty

Base of exvosure
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Section of the Golden Valley.fornation measured SE%, SE} sec. 10,
T. 142N., R. 88%i., Medicine Butte Quadrangle, Mercer County.

1.’ Till . 4.5
Golden Valley formation

Voper rombor

2. Sandstone, very fine-grained, silty, micaceous,
ripple-bedded 2.3

3. Shale, medium gra&, silty, weathers yellow-buff 12.1
Lower member
4. Lignite, soft to hard - Alamo Bluff bed 2.4
5. Shale, lirht to medium gray, slightly silty, upper

part weathers light purplish-pgray, large gypsum

crystals , 9.3
€. Clay, shaly, brownish-gray, weathers licht gray,

heavy deposits of iron oxide along joints and

bedding planes 3.8
7. Clay, white, slightly sandy, extensive yellow-

orange mottling, iron oxide in concretions and

"along joints : 5.7

8. Shale, medium gray to dark brown, carbonaceous,
silty, weathers purplish-gray 3.0

Section measured SEZ, SE:+ Sec. 23, T.,140N., R. 91W., northeastern Stgrk
Ccunty, | |

Golden Valley formation

Upper member

1. Sendstone, fine-grained, micaceous 3.9

2. Silt, clayey, laminated, micaceous, yellowish-gray
to brown 7.0

3. Clay an¢ shale, gray to reddirsh brown, carbonaceous,
interbedded with impure lignite 2.8
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4.

5.

Sané, fine-grained, very micaceous, with weathered
iron oxide concretions

Clay, silty grading upward into silt, light to
medium gray

Lower member

6. Shale, dark btrown, carbonaceous

7. Clay, medium gray, weathers dark purplish-gray

8. Clay, light gray to white, poorly bedded, with
reddisn-yslliow mottling by iron oxide

9., Shale, hard, gray, carbonaceous, micaceous

10. Shale, dark brown to black with lignitic laminsae

11. Shale, gray, silty with plant fossils

Golden Valley formation ,

Local basal unit

- 12,

Sand, very fine-grained, micaceous, crossbeddsd with

minor amounts of interbedded silty, carbonaceous
clay, grades lateraily into carbonaceous shale

Fort Union formation, Tongue River member

13.

14,
15.
16.
17.
18.

19,

Lignite, with stringers of brown carbonaceous
shale - The Harnisch bed

Shale, dark gray to brown, carbonaceous
Lignite

Shale, gray, carbona;eoué with plant fossils
Lignite

Shale, carbonaceous

Shale, dark gray to brown, carbonaceous, sandy
at the top .

Section measure SE}, SE} sec. 3, T. 140N., R. 90W.,
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Golden Valley formation

Upper member Feet

1., Sand, light gray to buff, fine-grained, micacecus 11.0
2. Sandetone, crossbedded, licht gray, calcareous 3. approx.

3. Sand, light gray to buff, fine-grained, silty
crossbedded, numerous concretions 7. approx.

Lower member
4. Clay, light gray, plastic 1.6

6. Clay, very dark, carbonaceous with lignite frag;-
ments, contains abundant leaves including

Salvinia, Metaseouoia and Nymphea 2.5
6. Shale, slightly silty, light brownish-gray 9.9
7. Shale, medium gray to brown, laminated 6.2
8. Clay, light gray, non-silty, poorly bedded’ 3.0
9. Shale, dark brown 2.5
10. Clay, 1iéht gray to brown 1.5

11. Clay, silty to sandy, light gray with abundant
leaves including Cercidiphyllum . 5.4

12, Unexposed; contact between Golden Valley and Fort
Union.formation, either in or at the base of this
unit : 5. approx.
Fort Union formation, Tongue River-Sentinel Putte member

e ) : 4 %

13. Lignite - the Harnisch bed f?7\

The top of {ﬁ{;ilignite was located by an sugzer hole base of the
section. This section of the lower member represents one of the local
variations or facies changes of this bed. The middle unit of sandy
xaolin with pronounced yellow staining is absent at this exposure and
has been replaced by a light brownish-gray to gray carbonaceous clays.

The yellow stained bed is present, however, in the exposures one-half

mile to the west.
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Section mearured at White RButte, four miles southeast of South Heart,

WL
NE-- soc. 32

T. 139N, R, 974,, Stark County

White Rivar forrmation Forh

1. Clay, svellin;, probatly bentenitic, sray-brown 10.0
wrathering very light gray, extremely vplastic

2. Siltstone and clayrtone, very sancy with siliceous
cenent, thinly bedded, canpec by coarse conglomeratic
sandstone 11.0
3. Silte<tone, hard, clayey, vinkish-white 11.7
4, Sand, weekly cemented by calciwn carbonate, white,
coarse to very coarse-crained with granules of
quart:z and pebblecotf chert, quartzite and andesite
pornhyry, uvper part grades laterally into sandy
clay and micaceous clayey sand 21.3
Channel unconformity
Golcden Valley formation, upper member
5., Clay, greenish-gray, silty, micaceous, laminae of
very fine-grained micaceous sand, stained yellow
by iron oxide 0 to 8. feet
6. Clay, light gray to white, numercus iron oxide
concreticns and yellow iren staining, 2 inch bed

of carbonaceours clay near the top 6.5

7. Shale, silty, micaceous, dark gray, grading laterally
into yellow-pgreen and brown . 7.0

Rase of exrosure
fection of the Golden Valley formation on Lone Butte, 7 miles northeast

of Grassy Butts, SE%

sec. 33, T. 147¥., R. 98W,, McKenzie County.
Golden Valley formation

Upper member

1. bSand, lirht gray, silcy, micaceous 12.0°
2. Shale, gray-brovm, silty 3.4
3. Shale, gray, carbonaceous . 1.1
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9.
10.
11,

12,

14,
15.

16,

Shale, gray-brown, silty

Sand, fine-grained, gray, micaceous with local
large concretions

. Shale, light gray, silty, sendy

Shale, dark brovn, carbonaceous

Clay, éhaly, light gray

Lignite and carbonaceous shale

Sana, fine-pgrained, yellow to zray, micaceous
Sgale, brown, carbonaceous

Shale, lipht gray, silty, micaceous

Shalq, carbonaceous

Clay, shaly, light gray to brown, silty ’
Shale, brown, carbonaceous

Clay, light yellow-gray

Lower member

17.
16'

19,
20.

21.
22,
23,
24.

25,

Shale, light gray to gray-grown, carbonaceous
Shale, dark purplish-gray, yellow stained at the base

Clay, light gray to white, very sandy, some
yellow staining

Sand and sandstone, white. kaolinitiec, highly
ocrossbedded

Clay, dark gray-bro;n, very hard

Shale, light gray

Sandstone, silicified with plant impressions

Sand and sandstone, clayey, fine-grained, crossbedded

Shale, dark gray to brown, carbonaceous

Fort Union formation, Sentinel Butte shale membter

\
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26, Lignite, locelly clinkered ‘ 3.1
27. Shale, dark gray \ 2.1
28. Sand and sandstone, silty, thin bedded 10.8

Several hundred feet of Fort Union strata are exposed below the

base of this unit.
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Fossils

The only animzl fossils collected from the Golden Valley formation
consist of one Garpike scale and a few crushed gastropods from the lower
member, and a fragment of a small mammalian leg bone from the upper
member. Plant remains, however, are common especially in the purplish-
gray shales of the lower member. The following types have been
identified:

Lower member:

Salvinia preauriculata, Berry

Sapindus grandifolius, Ward

Cercidiphyllum arcticum, (Heer) Brown

Betula sp.
Celastrus sp.
Corvlus sp.
Hicoria sp.
Juglans sp.

Salpichlaena sp.

Equisetum sp.

Metasequoia sp.

Sequoia (?)

Ginkro sp.

Nymphea sp.
Upper member:

Salvinia preauriculata, Berry

Ouercus castaneopsis Lesquercux

Cercidiphyllum arcticum, (Heer) Brown
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This flora, according to Rrown, is an Focene assemblape. Plants in
general evolve less rapidly.than animals, As a result most plant
snecies are fairly long ranging and difficult to ure in age determina-
tion unless ; fairly complete floral assemblape is collected. In the
northern Great Plains and Rocky Mountain front region, however, the
base of the Eocene (Wasatch)is marked by the sudden avpearance of the

floating fern, Salviqig oreauriculata Berry, (se0 plate 11 ). The

leaves of the Salvinia are small and oval to heart shaped, and are
easlly recognized by their pecular pattern of anastomosing veinlets
and By a pecular puckering that pives many specimens the apperarance

of being punctate. 1In describing the Kingsbury conglomerate, Rrown

’

says this about Salvinia (1948b, pp. 1169-1170):

"...at localities north, south, and east of Kingsbury
Ridge, where the conglomerate fingers out among fossili-
ferous carbenaceous shales or =andy clays, the latter
contain an Eocene species of floating fern, Salvinia
preauriculata Rerry..... I have collected thrusands of
fossil plant specimens from hundreds of localities in the
Paleocene terrane of the Rocky Mountains and Plains, but

I have never found a Paleocene Salvinia. In 1941, how-
ever, I found a Cretaceous species (plate 1, figure 11)

in the "Larsmie" formation (Lance) east of Craig, Colorado.
The absence of Salvinia from the Paleocene record of the
Rocky Mountain region is, therefore, somewhat anomalous.
Its simultaneous re-appearance at about the same strati-
graphic levels nearly everywhere in Wyoming, Montana, and
North Dakota is unexplained, but, in consequence, Salvinia
preauriculata serves, at least locally and tentativoly, as
an Eocene "index specied\”

Brown also advises (personal communication) thaf in most
localities in Montana and Wyoming he has been able to find Eocene

vertebrates in beds that contain the ?alvipia or that interfinrer

with the Salvinia-bearing beds.

In southwestern North Dakota Salvinia has been positively
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ldentified from 6 outcrops and tentatively identified in a seventh.

Two of the outcrops are in the upper member of the Golden Valley forma-
tion; the other five, in the lower member. Because much of the work on
the Golden Valley formation was of reconnaissance type, many outcrops
were not examined for fossil content and Salvinia will probably be found

at many other localitises.

The location of the outcrops that yielded Savinia are shown on the

on the map on plate 2. ~ The localities where Salvinia has been identi.
fied a lower member are:(1) in northwest Morton County, SEX, sec. 3, and
'(2) Ml sec. 11, T. 140N., R. 90W.; (3) in Oliver County, NW}, sec.27,

T. 141N., R. 86W.; and (4) in southwest Mercer County, NE} sec. 29, T.
143N., R. 90W. A possible fifth locality is in southern McKenzie County
about 4 miles southeast of the Grassy.Butte post office, sec. 29, T,
145X, , R. 98W. A few fragmentary plants were collected from the marker-

bed in this area and some of the fragments seem to be Salvinia.

All 5 occurrences of Salvinia in the lower member of the Golden
Valley formation are in the upper 1/3 of this member. The absence
of Salvinia in the white sandy oclay and the lower purplish shale of
this member may be due to imperfect collecting, or it may be due to a
time lag in the migration of the species. The sudden appearance of
Salvinia in beds of Wasatch age in the Rocky Mountain region is evi-
dently due to migration, inasmuch as no Paleocene species are known
from this region. If this migration was west to east, Salvinia may

not have reached North Dakota until shdrtly after the beginning of
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the Eocene, that is until part of the Golden Valley formation had
already been deposited.

The ocnurrences of Salvinia in the upper member of the folden
' Valley formation are in Stark County, SEX, sec. 4, T. 137N., R. 96W.,
and NW} sec. 32, T. 139N., R. 97W. At the latter locality Salvinria
is found in a thin bed of black ocarbonaceous shale that contains also

specimens of Quercus castaneopsis, Lesquereux. Ouercus castaneopsis

is, according to Brown, common in the Green River formation of middle
Eocene age.l Inasmuch as Salvinia is also found in the middle Focene,
it is possible that the upper member of the Golden Valley formation
may be middle Eocene, the timeequivalent of the Green River formation,
Relation to adjacent formations ’

The Golden Valley formation is essentially conformable on the
Tongue River and Sentinel Butte members of the Fort Union formation.
Where the lower member consists of white kaolinitic sand there was
some erosion and channeling of the Fort Union beds. Where the lower
member conrists chiefly of clay and shale the contact apvears to be
conformable, even gradational (pl. 12A).

The upper contact of the Golden Valley formation is not exposed
in the Knife River area. It is visible on Antelope Putter in eastern
Stark Céunty and along the northern margin of the Little Rad Lands
syncline in ;eﬁtern Stark County. In béth localities the White
River beds are disconformable on the Golden Valley formation. At
White Butte in sec, 32, T. 139H,, R. 97W., conglomerates of the Wh}to

River formation channel into the oxidized upper member of the Golden
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Valley formation with a visible disconformity of about 20 feet (p1.13).
Wharevar tha ¥White River formatjon ie vrecant in North Dakota the
Golden Valley fgrnation is either greatly thinned or is miscing al-
together. Tﬁis thinninz of the formation is apparently due to pre-
Oligocene erosién.
Interpretation

It {s difficult to say exactly under what conditions the Golden
Valley formation was deposited. The upper sandy member seems to have
been deposited by streams flowing over a low flat plein, possibly a
coastal plain. The few lenticular beds of shale and lipgnite indicate
that at times parts of this plain were swampy, but the general scarcity
of lignite and greater grain size of the sediments: as compared with
the Fort Union formatiog, indicate that the st{eams were flowing more
rapidly than in Fort Union time and that the margin of the sea was
probably farther east. The environment of the lower member is harder
to anvieinrn, The suite of minerale in the sandv facies of this mam-
ber amd the lack of weathering of these minerals indicates that the
kaolin was not weathered in situ but was transported from some source
area. Crossbedding in both members dips generally to the east, in-
dicating that this source area was to the west. The ¥holin seem to
have been transported as/Kgolin and deposited‘as one continuous or
nearly oontinuous blanket over southwestern North Dakota. This suggests
deposition in a broad, extremely shallow freshwa@er lake. The water
must have been shallow so that the streams could build their natural
levees and ocarry sand for some distance out into the lake. Fven o,

\
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it is still difficult to understand how such a large blanket of
relatively pure kaolin could be brought in by streams without hav-
ing that xaolin mixed with montmorillonite'clays or with large amounts
of other materials.
YOUNGER FORMATIONS NOT PRESENT IN THE KNIFE RIVER AREA
Teréiary System
CLTGOCENE SERTES

Yhite River formation

General Description
The White River formation almost certainly extended over the
Lecis

Knife River area at one time, but thgqhnve long since been removed
’

by erosion. However, the lithology and distribution of the White
:; &

River formation in southwestern North Dakotabaé;importaht in de-~

ciphering the late Tertiary and Quaternary history of the State in

general and the Knife River area in particular.

In South Dakota beds originally called thé V¥hite River formation
are now called the Chadron and Trule formations of the White River
group. These beds underlie large areas in western Scuth Dakota and
are well exposed in the Padlands National Monument east of the Rlack
Hills. In North Dakota the Oligocene beds have not yet been divided
into separate formations and are known collectively as the White River
formation rather than the White River group. The White River forma-
tion has largely been eroded from most of the southwestern part of
North Dakota and is preserved only where it caps high ﬁuttes or under-
lies some of the smaller synclines in the Williston Basin.

Present-day knowledge of the distribution and litholofic charac-
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teristics of the White River formation in North Dakota combines the
work of many geolopgists, Detailed descriptions of the lithology and
paleontology of the formation are given by Douglas (1904), Quirke
(1918), and Leonard (1922)., Other localities at which the Vhite
River formation crops out were described briefly by Loyd (1914),

Hares (1928), Seager (1942), and Powers (1945). During the reconnais~

sance study of the Golden Valley formation I visited all the previously

recorded outorops of the White River formation in southwestern North
Dakota and in addition identified the formation on the tops of four
other buttes.

Little Badlands and Ch;;ky Buttes areas ,

The largest remnant of the White River formation in North Dakota
is preserved in the Little Badlands syncline southwest of Dickénson
in Stark County. Here the formation underlies about 65 square miles
and 1s about 200 feet thick. It can readily be divided into three
members or units. The lowest of these units is probably the equiva-
lent of the Chadron formation in South Dakota; the upper two, the
equivalent of the Brule formation. The same three units are recog-
nizable in the Chalky Buttes syncline.in Slope County, where they have
a total thickness of about 320 to 350 feset.

The lower unit consists of light gray to white fine to coarse-
grained sandstone interbedded with light colored calecareous and sili-
ceous clays. The sandstone beds contain numerous pockets of stringers
of well rounded p;bble to'oobbla gravel. This unit is 40 to 60 feet
thick in the Little Badlands and 80 to 145 feet thick in the Chalky
Buttes. In both areas it is overlain by a dark gray swelling clay

that resembles bentonite. Thermal dehydration tests on one sample
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of this clay collected from the Little Badlands area‘gndicate that
it 1s a4 hydromica close to the composition of illite. In both areas
the sandstone is weakly cemented by calcite and breaks down readily
on the surface of weathered outcrops.

The pebbles contained in the conglomeratic beds consist chiefly
of well-rounded cherts and brown, purple, and pink quartzites. These
quartzites oclosely resemble the pre-Cambrian belt sories of west
central Yontana gnd were protably derived from these rocks. In ad-
dition to the quartzites and cherts, which comprise 80 to 95% of the
pebbles, the gravels contain numerous well-rounded fragments of
brown to red andesite-porphyry similar to the lava flows in and around
Yellowstone Park. Several pebbles of limostone were picked up in the
Little Badlands area and one of these corntained a well-preserved
Spirifer, suggesting that this pebble was derived from the Madison
limestone in the Roscky Mountain region. On the western edge of the
Little Badlands syncline I found two well-rounded boulders of pink
granite weathering out of the conglomeratic beds., There two boulders,
very likely, were derived from the Black Hills. Vood (1904, pp. 116-
117) noted several granite boulders in and around the town of Dickin-
son in Stark County. He ascribes these boulders to glacial origin,
but the proximity of Dickinson to the Little Radlands syncline suggests
‘that they may be residual from the White River formation.

No diagnostie fossils have been collected from the lower unit in
either the Chalky Buttes.or’the Little Badlands, although a few frag-
ments of large teeth are probably titanothere.

LR ¥
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The middle unit of the White River formation consists predominantly
of clay that locally has enourh lime content to be classified as a marl
or impure limestone. This unit also contains beds indurated by silica tc
form rough ledgy outcrops. In the Little Badlands these beds arc pre-
dominantly pink and are about 50 feet thick. In the Chalky Buttes the
samr beds are predominantly preen with minor tinges of pink and are about
60 feet thick. This middle unit of the White River formation contains an
abundant vertebrate fauna, which Douglas identifies as Middle Oligocene,
and which he correlates with the "Oreodon beds" of South Dakota.

The upper unit of the White River formation consists of greenish
gray shales and clays interbedded with and overlain by pgreen sandstone
that contains pebbles and';ngular fragments of marl and silicified clay,
probably deri;ed from the middle White River beds. The upper beds are
about 70 feet thick in the Little Badlands and about 125 feet thick in
the Chalky Buttes. Locally they contain bone fragments that Douglas
identified as rhinoceros.

Douglas (1904, p.288) suggests that the White River formation was
derived from the Black Hills area, but the lithologies of the conglomerat:
indicate that the bulk of the material probably came from the Rocky
Mquntains to the west. The eastward dipping foresets of many of the sand-
stone beds also suggests that the streams depositing the White River
beds came from the west., As indicated elsewhere the Black Hills area
" was differentially uplifted before deposition of the White River sedi-
ments and some of the formation was undoubtedly derived from this source
area, The amount, however, was probably small compared to the volume

of materials of western provenance,

Y

96



Other previously described locslities

Quirke (1918) measurecabout 400 feet of White River sediments
in the Killdeer Mountains in western Dunn County. He divided this
sequence of beds into seven units which he describes as green crumbly
calcareous clays interbedded with marly limestones and éreen conglomera-
tic sandstones., Powers (1945) suggests that Quirke's seven units rep-
resent the lower and middle White River beds of the Chalky Buttes area.

Capping many of the high buttes in southwesterm No;th Dakota is
a thick, coarse-grained sandstone that is locally conglomeratic. This
sandstone is very hard and appears to have a siliceous cement. Except
for its cementation this sandstone lithologically resembles the softer
sandstones and conglomerates in the Little Badlands and the Chalky
Buttes. Hares describes this sandstone (1928, p.40) and correctly
correlates it with the White River formation in the Chalky Buttes. He
mentions it as capping H. T. Bullion, Flattop, Sentinel, Camel's Hump,
and East and West Rainy Buttes.

Lloyd, (1914, p. 11) statés that three buttes in southwestern
Grant County (now known as Coffin.Puttes) are capped by the White River
formations

Leonard (1922) states that the White River formation also caps.
‘Elue Buttes in McKenzie County and occurs asa loose gravel cap on
son;}ow hills about 9 miles southwest of Bowman. Nevin (1946, p.4)

\

i

also mentionsthe sandstone cap of Blue Buttes in McKenzie Countfand calls
, i

it White River.

Seager (1942, pp.1415-1416) and Powers (1945, p.1192) note that
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White River beds cap Young Man's Butte ard Antelope Buttes &n eastern
Stark County, and some low buttes in southern Stark and northern rettine-
er counties near the town of Lefor, I have visited all the above
localities and agree with the identification of the iihite River forma-
tion in all except Blue Buttes. These are capped by the coarse mica-
caeous sand ctone of the upper member of the Golden Valley formation.

Since the preparation of this report, Miller Hangen of the North
Dakota Teclogical Survey has been investigating the lithelosry and dis-
tributioﬁ of the White River formation in North Dakota and advises that
it caps Black Butte in Hettinger County.

New localities

As a by-product of the study of the Golden V%lley formation,
four new white River localities were added to the geologic map of
North Dakota. These are:

(1) The Medicine Pole Hills in the northern part of T. ISON;

R, 104W,, Bowman County.

Hareos (1928, p.41) describes the Medicine Pole Hills as being
underlain by the Fort Union formation and capped by residual deposits
dorived‘from the white River formation, R. W, Prown and N. M, Denson
and I visited this locality in the summer of 1950, and found that the
gravel cap of the hills is 15 to 25 feet thick and contains abundant
bones that show no evidence of being rounded or eroded by streams. We
concluded, therefore, that these gravels have not been reworked and
are probably the equivalent of the lower Wh;te River beds'in tho.Chalky
Buttes and Little Badlands. The collection of vertebrate fossils from
the Medicine Pole Hills is the best assemblage from the lower White
River beds in North Dakota. The following types were identified by
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C. L. (azén; Leptditeryx sp., Hyanenodon, Dinictis, Hyracodon, and

Poebrotherium. In addition there are numercus large fragments of

Titanothere teeth, According to Gazén, this fauna indicates a lower
Oligicene age, and these baés ara the probable equivalent of tho Chad-
ron formation in South Dakota.

(2) Whetstone Buttes in northwest Adams County, which are cappod
by 80 to 100 feet of hard conilomoratic sandstone similar to that of
the Sentinel,Flattop and H. T. Buttes.

(3) Wolf Butte, also in Adams County, and also capped by about
65 to 80 feet of sandstone that contains a few pebbles of chert and
quartzite, !

(4) Shepard Butte in eastern Hettinger County, which is capved by
an undetermined thickness of sandstone and marly limestone resombling
the White River beds near Lefor.
Stratigraphic relations .

The White River beds unconformadbly overlie all older formations,

In west-central North Dakota they channel into and overlie the Golden
Valley formation. From here on south they overlie progressively older
formations until in and around the Black Hills in South Dakota they
.rest unconformably on the Cretaceous pure shale. This indicates that
the Black Hills dome was uplifted in pre-Oligocene time, and the strati-
graphic evidence from North Dakota supggests that this uplift was post-

Golden Valley (Wasatch), pre-Chacron (Lower Oligocene). The “hite

River formation in North Dakota is not overlain by any younger deposits.
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MIOCENE (?7) OR PLIOCENE (?) SERIES

GGra7els on an old erosion surface

Tn northeartern Yontane are remnantrs of g8 hirh-level nlanation
surface capped by a conglomerate known as the Flaxville gravels.
Vertebrute fossils collected from these gravels by Collier and Thom
indicato that this formation is late Miocone or early Pliocene (1918,
po. 180-182). Later collections mace by various other geologists in-
dicate that the Flaxville gravels may be as young as middle or late
Pliocene (Colton, R. B., U.%. Ceological Survey, personal cormunication).
Rursell (1950, ».58) visited several Flaxville localities in i‘ontana,
and in one of these he found two gravels separated by a soil zone. He
therefore sugiests that the Flaxville gravel may include devnosits of
two ases, one middle to late liiocene and the other eaﬁiy to micdle
Pliocene.

Intil the present.work, no deposits in North Dakota have been
correlated even tentatively with the Flaxville gravels. The gently
relling upland~ of the weetern part of the State were thourht to have
been developed in late Tertiary time, but no definite age could be
assigned to thém.

In southwestern Grané County, T. 131 and 132N,, R. 90W., are
three hich bnttes, known as Coffin Buttes, that are capped by the

White River formation. Iloyd (1914, ».11) describes the White River
‘in these buttes as consisting of:

".. about 50 feet of calcarsous arkosic sandstone overlying

a marly limestone, both of which are referred to the formation

on faunal and lithologic evicence."

The sahdstones, which are 50 to 65 feet thick contain scattercd pebbles

and lenses of conglomerate. Tho lower parts of the buttes aro com-

posed of the Fort Union formaticon. The upland above which therse
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Suttes cfand consiste, n the rorin s rn ovart of T, 1ILY., R. T

¢ a dirsected planation surface capprc oy soviral feet of Inoroiy

consolida‘ted gravel. The pebbles in the ravol are similar <

4

in the White River conylomerates, It sesms probable that to°

R

~

was drocst cod durine a late Tortiary erosion eyvele, t-~ oebi™ ..

derivec from the crosion of the White River formationm ia th:-

IR

.

Althou-h no fo=sils were found, the topogranhic and stratipgron.

posit.on of thaese rravels sursocsts that they were devosited
the same time as the Flaxville gravels in Yontara.

Similar deposits of gravel derived from the "nirne “ive-
apparently cap some of the higher hillis northsof Hactin

R. 95 and 96W., but 1 did not have time to examine or map th-

PN

e

A picture of the dissected ovlanation surface near Coffi. 7 o o - -

shown orn n1, 147,
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Surficial denosits

Quaternary system

Much of the Knife River area is mantled by surficial devos:its,
Pleistocene to Recent in age. The Pleistocene deposits includ~ %il1l,
glacio-{luvial deporits, ané fluvial deposits. Recent deposit- in-
clude alluvium, eolian sand and silt, residual silica, and land-lida
debris.

Over the country as a whole, the dividing line between the
Pleistocene and Recent epoch is difficult to establish, either phuyslca’-
ly or philosophically; in fact, Flint (1946 pp.205-208) has gquosticr. &'
whether the Pleistocene epoch is ended and whether there is neci on
justification for the term "Recent". Although T am sympathetic T2

/

the idea thet we are probably still in the Pleistocene epoch (i +hat

epoch bs defined as one in which the distributiog and volume of ;
glacier ice is greater than in the "normal™ geologic past) I thirk

also that‘in glaciated areas "Recent” is a convenient term for devosit$
that post-date the last glacial advance. In this revort, thererore, '
I have followed the current usage of the Geclogical Survey end have
incluéed in the Recent Series all deposits younger than thore of the
Wisconsin Glacial Staze. <This usage will be intelligible whether
"Recont™ is aeventually retained as an epoch, demoted to the rank of

an interglacial stage, or demoted still farther to the rank of an

interglacial substage of the Wisconsin stage.
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PLEISTOCENE SERIES
The subdivision of the Pleistocene epoch uscdé in tnis report i-

as follows:

Mankato substage
Wisconsin Cary substaze
glacial stage Tazewsll substage
Iovan subctare

Pleistocene Sangamon interglacial stage
Tllincian glacial stage
epoch Yarmouth interglacial stare
Kansan glacial starce
Aftonian interglacial stare "

Nebraskan glacial stage S

Wisconsin stage -

All the Pleistocenc deposits in the Knife River area have Zeen
assigned to the Wisconsin glacial stage. There i=s indirect ~vidence
of a pre-Wisconsin glacial advance, but no deposits related to this
earlier advance have been found. The Wisconsin deposits represent
at least three substages. The first two are probably lowan and Taz--
well (early Wisconsin); the third is probably Mankato (late Wisconsin).’
The Cary substage is apparently not represented in the Knifc River
area. |
Till (Qwt)

Three major till sheets all of Wisconsin age, are present in tha
Knife River area. All have eésentially the same appearance and com-
position, and theiZ.differentiation is §0551ble only in the wvalleyr,
where they are interbedded with three fluvial and glacio-fluvial fills.
On the uplands, where there are no interbedded stratified depositre, the.
tills are inseparable.

A fourth till sheet younger than the other three, is expored in
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twn lorsiirTiee in the s-ctern na-t of the area, This till s ihin
and discontinucus anc protauly represents & local reacvance of tho
Mankato ice sheet rather -than a separate substage.

~-Distribution and topographic expression--

The ldte ‘iscon$sin drift border (probably the Iankato borcer)
trends northwest through the Medicine Butte, PBroncho, anc Goldon
Valley quadrangles (see pl. 4 ). In general, northeast of this
border the late Wisconsin till is extensively preserved covering over
half of the area, and its surface is characterized by numerous un-
drained depressions and unintegrated drainage. Scuthwest of the
border, on the other hand, the early Visconsin till %s thin and
patchy, coveriﬁg less than 10 per cent of the area, and its surface
has few undrained depressions? The actual boundary between tnese cwo
types of topography, . however, is indistinct and difficult to map ex-
capt in a very general way.

It is characteristic of many of the large erratic boulders of
granite to be at the center of small closed depressions, that appear
to be not a part of the original glacial topography, but the result
of the combined work of deflation and livestock. Cattle have a zreat
fondness for collecting around these boulders and rubbing their heads
and sides on them. Their hooves destroy the sod cover, and in the*
wet season, sink down into the mud, leaving a rough broken surface.
As the soil dries out it is eacsily picked up by the wind and it does
not take more than a few scor; years to form a consideratle denression

around a popular boulder. Around some of the boulders is a ring that
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at first glance avpears to be polished by wind action. This ring
is probably due to the rubbing of horns by the cattle. This rizhod
of producing policshed boulders in closed depressions around them is
discussed in more detail by 2retz (1948 pp.260-262), who ascrited

-— LA T -~ S~ 2R -
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--Composition-- ' S

The till consists of a poorly sorted mixture of sand, silt and
clay in which are imbedded larger fragments of several kinds of rocl
All the till in the area is highly calocareous.

The matrix of the till seems to have been derived to & great ex-
tent from local rocks. The percentages of sand, silt and c¢lay vary
widely sometimes within the limits of a single ;utcrop. ?or‘exampl(

a road cut on the western edge of sec.12:‘T. 142N,, R, 89%,, shows '
$i11 with a olay-silt matrix grading,{\in\'ﬁgout 15 yards into till thet -

-

L ee—

has a matrix of sand with only minor amounts of silt and clay. Varia-
tions within a given till sheet, therefore, are probably as great ag
differences between tills, and in that case mechanical analyses would
be of no use in differentiating till sheets. ‘
The fragments in the till range in size from granules to boulde;';‘

They are angular to round, with the majority being sub-angular and 5ub;

3
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round. These stones are of both local and foreign origin, with the
foreign stones slightly in the majority. Thelocal stones are chief17 '
sandstone, gray clay chert, fossil wood, and fragments of lignite ar |

i1

3

limonite. The foreign stones consist largely of Paleozoic limestone

and dolomite from the Lake Winnipeg area, and Pierre shale pgranite,
’
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basalt, quartzite, ochert, and vein guartz from other parts ol la~i-~
toba, In adoition, the till contains also a few pebbles of cuartzite
and brown chert from the Recky Mountain region. These were probatly
brou;ht by streams into North Dakota or southern Carada and have bveen
reworked into theg till.

éebble cou;ts of the stones of foreign origin were made at
numerous loocalities in the Knife River area in an attempt tec find
some differences between the till sheets. The recults of some of
these counts are shown graphically in fig. 6 , and they indicate that
all the tillSof the area have about the same types of erratic stones
in about the same proportions. Limestone and dolomite are the most
abundant type, contituting 65% to 70% of all the erratic pebblec,
Granite is next, constituting about 15% and all other types together.
make up the remaining 15% to 20%. To anyone who has examined ths
erratic boulders that dot the surface of the land the high percentage
of limestone and dolomite is surprising at first; 90% to 95% of
these bouldefs are granite and granite gneiss, and only 2% or 3% are
limestone. Presumabiy the limestone was more easily broken into i
small fragments than was the granite so thgt limestone and colomite
predominate in the pebble size,while granite, which was plucked as
large blooks, predominates in the cobble- and boulder sizes.

The largest erratic boulder is in the Stanton quadrangle in the
NEL, SE}, sec. 2, T. 146N., R. 84W (see pl. 22B). This boulder whiochk
is composed of;ieissic granite cut b& two pegmatite veins, is ahout ‘

22.5 feet long, 17.5 feet wide, and projects 3 to 7 feet above the
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ground. This large boulder is in the center of a closed denr~ - ion
and its great sizo is not apparent until the observer is very cionre
to it. ‘

--Color and deovth of oxidation-~

Unwea thered till is light to medium blge-grny, but thic color is
seon in only a few outcrops. Apparently, because of oxidation by wvado:
or ground water, most of the till outcrops are light tan to yellow-
brown in cclor. The depth of £his oxidation is highly variadle and
bears little or no relation té the a;e of the till. In some places
blue oolor is preserved in early Wisconsin till within two or three
feet of the surface. In other places 20 to 30 feet of Mankato t:ill

. ’
appear to be thoroughly oxidized. Avvarently, local differences in
the position of the water table and local differences in the ver-
meability of the till have much more influence on the depth of oxica-
tion than does the age.

Therefore, depth of oxidation, while possibly useful in differen-
tiating Wisconsin from pre-%isconsin tills is of no value in attemptin’
to differentiate the substages of the Wisconsin, in the Knife River a
--Solution and redeposition of calcium carbonate--

In climates more humid than North Dakota calcium carbonate is

comménly leached from the upper part of a deposit and is precipitated‘
in the lower part of the soil profile. In more arid climates, the
carbonate moves upward and is precipitated on the surface as caliche.
In western North Dokota, both procosses appear to be operating. !p-
ward migration of the calcium carbonate has produced a coatinr of

EEE g
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caliche on the bottoms of most of the pebbles on the surface of the
till. Downward migratibn has resulted in a faint lime-enriched zone
about one foot thick just below the humified or "A horizon" of the
modern soil, FBvidently the balance between upward and downward mi-
gratica of caléium carbonate ls nearly perfect, because no expocsures
that were tested had been completely leached of lime; each via s cal-

careous right to the grass roots.

Howard (1947, p.1204) invertigated the possibility of using the ——

amount of caiiche cn the under sides of these pebbles as a oriterion
of a,e difference of tills in North Dakota but found tpat variations
due to local factors were apparently greater than the variations due
to age differences of the tills.

In the Knife River area the depth of secondary lime accumulation A
in the soil is somewhat variable, but in general the lime zone of the
s8oil on late Wisconsin till is as thick and as well developed as that
on early Wisconsin till.

-8Stratified till"--

Although in most outcrops the till is an unsorted heterogeneous
mixture, in a few localities it is crudely scrted and partially strati-
fied. Lenses of silt and fine- to coarse-grained sand alternate with
lentils of unsorted till., The fact that the lenses of stratified
~material alternate with lenses of unsorted till and the fact that in
- some places outcrops of the stratified till can be traced laterally
into exposures of completely unsorted till indicates that the environ-
ment of deposition of the stratified material was probably subglacial.

The sorting and stratification of the sand and silt on the other heand,
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indicates the action of water. A third sipgnificant factor 1= thas
all the outrrops of the stratified till thus far soen have been in
valley bottoms., It appears that =ubrlacial melt waters flowiny at
tne base of the ice were concentrated in the pre-existing wvalleys. .
Wnere the volume and velocity were great enough, these waters wore
able to stratify and sort the glacial drift as it was being deposit-
ed by the ice.

Good axamﬁles of this stratified till can be seen in the NE%, of
sec. 20, T. 143N., R. 91W. in the Broncho quadrangle, and in the SW%
of sec. 35, T. 145N.,, R. 85w. in the Stanton quadrangle. The ex-
posure in the Broncho quadrangle is about 150 yards west of a church
and-is in a man made gully in the south side of a section-line road.
It shows about 8 feet of interfingqring and interbedded till, fine
sand, =ilt and gravel overlain by loess. The exposure in the Stanton
quadrangle is in a cut bank on the north side of the Knife River and
. ahoﬁs 10 to 12 feet of poorly sorted and stratified glacial drifst
overlying Fort uUnion sanostone.

One of the largest exposures of "stratified till" in western
North Dakota is about 9 miles west of the Knife River area in the
eastern half of aeé. 3, T. 142N,, R. 93W, in eastern Dunn County.
Here the Knife HKiver has cut into the south bank of the valley and
has exposed 50 to 60 feef of interbedded lentils of till, silt, fine-
to coarre sand, and gravel.

--Pebble-orientation studies--

Holmes (1941) showed that in undisturbed till the pebbles tend
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to lie with their long axes parallel to the direotion of ice move-
ment, Accordingly, a statistical study of pebble-orientations in
a till can be used, like striations, to indicate the direction of
movement of the glacier,

In the Knife River area, pebble-orientation studies were made
at eleven localities to see whethar the direction of ice movement was
signifiocantly different for the several till sheets. The method used
is essentially a modified version of the one described by Holmes (1941,
. pp. 1307-1308) and was suggested to me by H. E, Simpson Jr., of the
Geological Survey.,

The results of the studies, shown by rose diagram (fig.8 ) are
somowhat disappointing. Several of the diagrams show éo strong pre-
ferred orientation; and in those that do have a strong orientation,
the direction varies from southwest to southeast with no appnarent
correlation between the direction of movement and the age of the
till. Variations within a given till sheet are apparently greater
than any average difference between the sheets. In general the
orientation diagrams seem to indicate that all the ice sheets came |

{
from the north and northeast, and deviations from this trend are
nrobahly the result of local tovographic control of ice movement.
Localities 10 and 11 are in the Krem moralne, and, as would be ex-
pected, show orientations about at right angles to the trend of the
moraine. |

Therefore, although the studies fit the hypothesis that the long
axes of pebbles parallel the direction of ice movement, they are of

no help in differentiating till sheets in the Knife River area.
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--Differentiation of tills--

As can be seen from the above descriptions, the several tills

of the Knife River area are similar in appearance and composition,
and cannot be reparated by any physical or chemical tests thus far
tried. The late Wisconsin drift has been less eroded than the
earlier drifts, and this difference can be used in mapping the ap-
. proximate limits of the late Wisconsin (Mankaté) till. This topo-
graphic boundary, however, is vague in many parts of the area, and
toppgraphy alone is not considered adequate evidence for inferring
the existence of more than one till sheset.

There is, however, ample stratipraphic proof that more than one
age of till is present in the Knife River area. In the Qalleys of
the Knife River and some of its tributaries are three fluvial and
glacio-fluvial fills séparated by major unconformities. Several ex-
posures show two tills, underlying and ascociated with the second
and thifd fills. Also, although the base of the first fill is not
expozed, this fill is composed ehiefly of glacial outwash and in-
dicates the existence of still ;nother glaciation. This older
glacial unit is probably Iowan and was the most extensive of all the

Wisconsin drifts in North Dakota. The two younger tills are probably
Tazewsell and Mankato. The exposures that show the critical relations
getwéen the tills and fills are described in the section on the vailey
fills, Qsd.

A fourth till is exposed at two localities in the eastern part

of the Knife River area. The first locality, a gravel pit in SE}, WR!

sec, 5, T, 145N,, R, 85W,, shows 1 to 1.5 feet of till conformabdbly

overlying the late Wisconsin outwach gravel, Qwo. The second locality
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is also a gravel pit, this one in NE}, W&, sec., 2, T. 145N., Q. B4W,
Here about two feet of lirht buff till overlie ice-contact gravel that
is a part of the valley fill, Qsdz. 1In both exvosures the till is

thin and in neither is there any evidence of a period of erosion or
soil formation between the till and the underlying gravel. Therefore,
this till is interpreted as recording a local readvance of the late
Wisconsin (Mankato) ice sheet rather than as a separate substarge.

In addition to the exposures of till interbedded with the water-
laid deposits, two exposures show two tills in direct contact. The
f{rst of these is in the NEX, NE} sec. 28, T. 146N., R. 88W., in the
northern part of the Beulah quadrangle. Here, at the edge of the up-
land just east of the Reulah trench, a roadcut exposes a dark clay-
rich till overlying a lighter sandier till (see pl.15A ). At the top
of the lower till is a band of pebbles, evidently concentrated by the
erosion of this till before its burial by the younger deposit.

The second exposure is in the SEX, <SR! sec. 12, T. 144N., R. 86W.,
and is in the valley of Kinneman Creek, just south of State Highway
25 (p1.15B ). A cut bank on the east side of the creek exposes about
15 feet of relatively unoxidized blue-gray till that seems to have a
break in the middle, At this break there is a concentratgon of
boulders and a dying out of many of the joints present in the lower
half of the outorop. The evidence is not clear-cut, but two tillse ,
are probably represented.

.Although both of these exposures demonstrate the existance of
more than one till sheet in the Knife River area there is no means

of correlating them with each other or of mapping these till sheets

Soparétely.
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Two beds of till separated by a thin bed of soft marl ééktuins\
fresh-water gastropods are exposed in a road cut on the south side of
a small valley in NEX, SE} sec. 30, T. 146N., R. 89W., (see pl. 16A).
However, exposures on the north side of the same valley fail to show
either the marl bed or any evidence of two tills. The marl was pro-
bably deposited in ; small pond, formed during the retreat of the
late Wisconsin ice margin, and was buried by till deposited during
a local readvance of the same ice.

Krem moraine (Ctr)

A small lobate recessional moraine composed chiefly of till
orosses the northern part of fhe Knife River area in the‘Colden
Valley, Beulah, and Hazen quadrangles. The eastern end of this
moraine is a few miles north of the abandoned ﬁillaoe of Krem, and
in this report the moraine will be informally ocalled the Krem mo-
raine, The moraine is differentiated from the rest of the till
solely on the tasis of topography, and therefore, on the geologioc
map (pl. 1) the boundary of moréine has been shown by hachures rather
than by a conventional geologic contact (vl. 16B).

The Krem roraine is local and cannot be traced much beyond the
limits of the Enife River area. Its eastern end is in the northeast
part of the Hazen aquadrangle. Northeast of this area the moraine
bedomes indistinct and merge s imperceptibly with the till-covered up-
land. The'moraiae dies out also in the northern part of the Golden
Valley quadranzle, but, after a gap of about 3 or 4 miles, a faint
6xtensicn of thg moraine lies partly in the northwest quarter of the

\

Golden Valley guacrangle and partly outside the area in the Fort
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Rerthold Indian Reservation. Northwest of this outlier the moraine,
if ever present, has been so modified by erosion that it cannot be
identified.

Throughout most of its length, the Krem moraine follows the crest
of the upland between the Knife and Missouri rivers. In the central

2T

part of the Beulah quadrangle it éiosse§)and érops int& the deep
Beulah trench; and in the eastern part of the same quadrangle, it
orosses a broad topographic sag at the headwaters of Antelope Creck.
Where it crosses these toporraphic lows the moraine consists partly
of till and partly of ice-contact stratified drift. Elsewhere it
consists almost entirely of till. ,

There is no reason to separate the Krem moraine in age from
the late-Visconsin till sou£h of it., Outwash from the moraine merges
without apparent break with outwash and fluvial deposits‘associated
with the late-Viisconsin till in the Knife River valley. Also, both
the east-west trend of the meraine, which lies at gbout 45° to the
general trend of the drift borders in North Dakota, and the dying
out of the moraine in-theAHazen and Golden Valley quadrangles suggest
that the moraine is merely a local detail in the general picture of
late-Wisconsin glaciation. The Krem moraine therefore does not seem
to represent the drift border of any Wiesconsin substage, rather it
records only the readvance of a small local lobe of the ice sheet.
Valley fills (Qsd)

In the valleys of the Knife and Missouri rivers and in some of

their major tributaries are remnants of fluvial and glacio-fluvial

deposits of silt, sand and gravel. The largest remnants of these
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fills are preserved as terraces in the Knife liver valley downstream
from Beulah. Upstream from Beulah patches of the fills are fewer and
smaller, Three different fills have been identified, and, whe;e
possible, thase have been mapped separately as Osdy, Q=d, and Qsdge
Vhere it was not posritle tg differentiate the fills they have been
mapped under the general4hé§§ig;d. Qsdy and Qsd2 are of early Wis-
censin age and probaily represent the Iowan and Tazewell substagers.
Qsdz is late Wisconsin and probably represents the Mankato substage.
.--First fill, Qsdy--

—MQséi is the oldest of the three fills and has been identified
only in the Knife River valley near Beulah. It consists cf outwash
s;nd and gravel with cut-and-fill type bedding that is forecet down
the valley of the Knife River. The gravel beds contain stones of
both local and foreign origin, with the forelgn stones predominating
by about 3 to 1. Mlanyof the coarse gravels are partly cemented and
stained orange by depésits of iron oxide. The sand beds, which are
very much like the sands of Qsdy and Qsdz, are fine-to coarse-grain-
ed aﬁd have little silt content. Characteristically they are gray
and oxidize to buff on surface exmosure,

The following sect{ons show the lithology and stratigraphic re-
1atipns of Qsdlz

(1) Beulah gravel pit. This exposure is on the south side of
the Knife River in NEX, M} cec. 36, T. 144N., R. 88%. The section
given below was taken at the eastern end of the workings approxirately
one-tenth of a mile east of the rodeo grounds (pls. 17 and 18),

.\

Top of exposuré - approximately 32 feet above Knife River floodnliain.
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1. Spoil pile frem gravel pit ‘ 2.0-

2. Colluvium with modern scil protile on top 1.9

2. Laminated silt. ané fine =sand, some limc en-

richment especially in the silt beds in the

uppar 2 Fcct,Qsdz ‘ 5.2
4, Mumifierd eclian sand 1.0
S. Folian sand with faint lime-enriched zone 0.2
€. Folian sand, 1light bdrownish gray 2.8

7. Coarse, crossbedded sand and gravel, outwash tyve,
limestone and granites more abundant than iron
oxido and sandstone pebble, gravel beds are iron
stained Qsd 7.0

1

Rottom of exposure

Traced westward through an abandoned part of the ;ravel pit to
a cut at the north edge of the rodeo grounds, the bouncaries tetween
units become less sharp. Qsdz'grades from laminated fine sand and
silt into laminated fine to medium grain sand similar to the sand
beds of Qsdy. The eolian sand thins and the humus zone becomes
faint and finally disappecars., Although the humus zone is very strik-
ing in the outcrop the soil profilé developed on the eolian sand 1is
not a sfrong one as {8 shovm by the very thin lime zone beneath the
hqmified layer.

The centact between Csd, and the overlying eolian sand appears

1
to be conformable, suggesting that the origzinal top of the old out-
wash is preserved in this exposure. If this is true, Qsd; never rose

hizher than atout 20 feet above what is now the modern floodplain of

the Knife River.
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(2) Section Line exvosure., This exvosure, approximately %
mile east of the Peulah gravel pit, is in a pully along the east
edge of sec, 36, T. 144N,, R, 88W.

Top - about 65 feet ahove Knife River floodplain

Feet

1. Poorly expornd unit; mortly fine-grained sand and T

8ilt with some beds of medium-grained gray sand 20 - 23
2. Laminated fine sand and silt with a few thin beds

of medium-grained sand 15
3. Sand, mediun-to coarce-rrained, with few pgravel

lenses and scome becs of fine s=and,silt -13
Conformity
4, Till, medium blue-gray, sandy 6
Unconformity - !
Qsdy
5., Fine-prained sand and silt, thin-bedded, with some

beds of laminated silt and clay ' 7
6., Coarrse-grained sand outwash sand and gravel 3

Base of exnosure, a few feet above the floodplain of the Knife River
The till (unit 4) has the =ame stratigranhioc position as the
eolian sand in the Beulah gravel'pit.' Exposures are poor between the

Section Line exposure and the Beulah pgravel pit so that it is im-
possible @c tel]l the exact relationship between the till and the soil
zone. I interpret the till as being sliphtly younger than the soil
Zone, wnich was either not develoved in the Section Line exvosure

or was removed prior to the devosition of the till. Fast of the Seo-
tion Line exvosure Osd; is directly overlain by Osd, with an uncon=-
formable contact that ranges from about 15 feet above the Knife Rivor

floodplain to below river level.
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(3) Keorh Ranch exvosure. The Keogn 2gr:x smosure is in &

ullv on the face of tne terrace on the south <:xx of the Xnife
b} -

River, in SW), sec. 8, T. 143\., R. 88W. This e=sure shows es-

sentially the same stratigraphic section as ™= X:ITion Line ex-

posure.
Too of exposure Fcet
1. kolian sand 2 -3

Qsd, (vosaidly Qsds)

2. Sand, medium~-crained with a few pebbles 12 - 13
Conformity

3. Till, medium to dark blue-gray, claye.y \ 6 -8
Unconformity ’

Qsd;

4, Laminated olay and silt, dark gray, beddinr -
neath the till slightly crumpled o -2

5. Coarse-grained sand and vpebhle gravel, stai=i

yellow by iron oxide 2
6. Medium-to coarse-zrained sand with stringeTs of
( granual to pebble gravel; crossbedded 2
7. Very coarse gravel with boulders up to two T2et
in diameter S
8. Interbedded fine-to coarse-grained sand &nt
4

_pebble gravel

Base of exposure, about 10 feet above the Knifs iiver floodplain.
On the west side of the mouth of this gu-T Fort Union strata

unconformably underlie Qsd1 t;ut the contact &ir= to the east and

the base of Qsd) is not exposed in the gully =elf. There is no

direct connection between the Keogh Ranch exopo=ire and the Section
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Line €Xposure and tha corielation of the units is baced entirely on
ﬁheir physical'resomblanée ana similar stratigraohic succession. 1In
both oxposures the till is unoxidized, suzgesting that the overlying
sand (Qsdp) was deposited soon after the till.
The straéigraphic relations of Qsd} can be summarized as follows:
(1) The bace of Qsdl is not exposed éxcept at the west end of
the Keogh Ranch expocure, where it rests unconformably on Fort Union
strata. However, inagm;ch as Osdl is an outwash devosit and is re-
parated from overlying deposits by an unconformity or by a soil zone,
it presumably overlies till at least in the stratigraphic time scale
if not in actual physical contact. ,
(2) The top of Qsd; is exposed at several localities. In one
exposure, the Heulah gravel pit, it is overlain conformably by eolian
eand on which is develooed a weak eril vrofile., 1In all other exmorsures,
the ovorlying deposits, either till or a younger fill (qug) lie on
the eroded surfacé of Q#dl. Because of fhis erosion and because of
the weak soil profile, I believe the interval following deposition of
'Qsdl was long enough to be considered as an interglacial substare of
the Wisconsin.
~-Sesond fiil, Qedg--
Osda 1is éhe second or intermediate fill in the Knife River

valley and volumetrically was\EEi }argest of the fills. It is pre-
\

\

dominantly fine-zrained and consists 1argé1y of locally derived
materials with only small percentages of glacial debris (fig. 7).
Reds of fine-;rained sand and silt make up over half of this

fill and vary iﬁ appearanco from place to place. In some outcrops,
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they are light rray, only fairly well corted, and greatly recemble
much of the modern alluvium of the floodplain denosits. In other
outecreps theyvare tan te yellow, well sorted anc laminated, and look
ruch like the finer grained beds of the Fort Union formation., In
many exposures the uoner 2 to 4 feet of the silts have been so churned
up by frost action and soil creep that the laminations have been ob-
scured, leaving a nearly structureless tan silt that looks like

loecr. In thies structureless material, however, are small polygonal
fragments that still preserve the original laminations, showing that
the material is not of eclian origin but ic a part of Qsdjp,

Intertedcded and interfingering with the fine-rrained sand and
silt are bedr of medium~to coarse-jgrained sand and len;ns of vebble
gravel, The pebbles of the gravel beds consist of 60 to 8D per cent
iron oxide, chert, and sanéstone derived from the local bedrock, which
readily distinguishes therse gravels from the outwash pgravels of Qsd1
and Osdz. The rray sands, on the cther hand, are identical me;a-
scopically with the sands of the other fills.

-~--Distribution--- Qsd2 is well developed and its reletions to
other Pleistocene deposits are best shown in the southeast nart of
the Beuleh quacdrangle. In this area the top of the fill is at least
7 fee£ abtove and the base is below the floodplains.of the ¥nife
River and Spring Creek. The following exposures show both the litho-
logy and stratipravhic relations of Qsd,:

(1) Three exposures, the Keogh Ranch exposure, the Section Line

exposure, and the Reulah pgravel pit show the contast betwern Qsdy and
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the underlying till and older fill, Qsdl. These exposures have al-
ready been described,

(2) At the west end of the main street of Beulah, Qsd, is exposed
in a road cut on the weet rid« of a north-south gravel road. 1In thins
exposure, Qsd, consists of yellow-brown laminated fine-grained sand
and silt that greatly resembles certain beds of the Fort Union for-
mation except that it contains a few pebbles of granite and limestons.
About 25 yards north of this exposure and sbout 20 yards east of the
gravel road, an excavation made in 1950 showed the fine-grained sand
and silt unconformably overlain by till, which was in turn overlain [
by the outwash fill, Qsds. The contact between Qsdp and the till
dips east into a small valley in the western half of sec. 25, T. 144N,
R, 88W. Apparently Osdz had been eroded from this valley prior to
the deposition of the younger till and Osdz (fig. SR).

(3) An exposure in the face of the terrace on the north side of
Spring Creek in NW}, SEX seo. 20, T. 144N., R. 88W. The lower part
of the exposure consists of Fort Union sandstone and shale uncon-
formatly overlain by 8 to Zé feet of laminated fine-to medium-grained
sand with gravel lenses and thin clay.seams. About 80 percent of the
pebbles in the gravel lenses are from the Fort Union formation and
this fill is believed to be Qsdp. On the eroded Surface of Qsdy is !
5 to 17 feset of partly oxided till and against the sloping surface
of the till is deposited the outwash sand and gravel of Qsdgz.

(4) On the ﬁne between secs. 19 and 20, T, 144N., R. 88W.an
abandoned dugway initha face of the terrace south of Spring Cr@ek ex-

poses the following section:
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Top of exposure, 30 feet atove floodplain of Spring Creelk.

Foat

l. Spoil material 1 -3
2, Eolian sand, dark brown, humified _ 2

3. Sand and gravel, poorly sorted 1
Unconformity

4, Till, sandy, tan to buff, oxidized 6
Unconformity

5. Sand and silt, laminated, tan to brown, Qsdp 8

Unit 4 is late Wisconsin ti1l (here completely oxidized), and
unit 3 is a gravel skim deposited by Spring Creek as it planed ac-
ross the top of the till. About 100 yards south of the exposure,
the top of the terrace is slightly higher and an auger hole pene-
trated about 8 feet of mecium-grained gray sand and gravel, which
is probably a remnant of the outwarh fill, Osdj.

(5) In the Zap branch of the Beulah trench large remnants of
Qédz, which here oconsists almost entirely of fine sand and silt,
are preserved in the no;thern.part of T. 144N., R. 88W. The tops
of these remnants are up to 50 or 55 feet above the prerent floor
of the valley. Till caps some of these remnants and small patches
of till overlying Qsd, can be found all the way down to the present [
valley floor, showing that Qsd, had been extensively eroied before
this till was deposited. Overlying the till and the fire sand of
Qsdy is an outwash terrace (Qwo) whose top is 15 to 25 Zest above
the present valley floor. This outwash is the equivalezt of Qsdz
in Spring éreek and the Knife River valley.

\

The distribution and lithology of Qsdo outside the area near
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Beuiah can be summarized as follows:

(1) West of Beulah, Qsd, becomes coarser grained and consists
largoly of fine-to medium-grained gray sand, which is difficult to
separate from the sands of the other fills.

In the valley of Sp;ing Creek, remnants of Qsdp, overlain by

till and Qsd,, have been identified as far west as Dodge in the Golden

3
Valley quadrangle. The best exposures of Qsd, and the overlying till
.are in railroad cuts in sec. 18, T. 144N., R, 90W,

In the‘valley of the Knife River, remnants of the Pleistocens
fills are smaller and more widely scattered as one goes upstream
from Beulah. Most of these remnants oonsist of medium-gzrained gray
sand and have been mapped as Qsd, undifferentiated. Some of these
sand deposits in the Medicine Butte quadrangle are almost certainly
Qsd, for scattered over.their surfaces are boulders and cobbles of
granite. These stones may have been deposited on top of the sand
directly by ice or may have been rafted on the icebergs in the lake
that almost ceftainly existed in the Knife River valley upstream from
the margin of the late Wisconsin ice sheet.

A fi11 lithologically iike and probably equivalent to Qsd2 ap;
parently underlies at least the east-west segment of the Golden Valley
trench., This fill is exposed only in the northern part of sec. 25,

T. 144N,, R, 90W,, where a north-flowing stream has cut below the
alluvium and colluvium that form the present floor of the trench.

(2) East of Beulah the Pleistocene fills form a nearly ocon-

tinuous terrace on the south side of the Knife River valley. In



certain isolated outcrops the fine-grained =ands and silts of Qsd,
unconformably underlie and cAn be distinguished from the coarser
outwash gravels of Qsd3. Most of the terrace, however, consists of
fine-to coarse-grained sand with minor amounts of gravel and has
beert mapped QOsd, undifferentiated. Much of the surface material
of the terrace has been reworked into sand dunes, esvecially in the
Hazen and Stanton quadrangles, and it is impossible to tell the
character of the underlying fill in these areas.

On the north side of the Xnife River valley, east of Beulah,
- the fills are less continuous in outcrop but are more easily distin-
guished. Jurt west of Hazen in the lower part of the valley of
Antelope Creek, several exmosures show the fine-prained s=ands of
Qsdy unconformably ovgrlain by the outwash gravels of Qsdz. One
exposure, & road cut on the south side of State Highway 25, near
a junction witﬁ a gravel road, in the NEi, NW}, sec. 11, T. 144N,,
R. 87T%., shows the following section:

Top of exposure

Feat .
1. Coarse sand and gravel, Qsdy 1 -3 ‘
Unconformity
2. Fine-grained sand and silt, laminated,
tan to buff Qsdy 5%
3. Till, clayey, tan to brown, oxidized. * 3 L

Base of exposure.

* In 1950 this exvosure had slumped in so badly that the till was no
longcr visible without digging or augering at the base of the road ditch.

(3) In thelﬁissouri Vélley downstream from the mouth of the Knife
River a fine-grained sand and silt denosit that is prota’ly remnant
of Qsd, is found in secs..17, 18, 20 and 21, T. 144N., R. 84h.
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The tops of these remnants are 70 to 80 feet above the present
Missouri floodplain but these tops are erosional and give no in-
dication of the original altitude of the top of the fill. The tase
of the fill is below the floodplain of the Missouri River.

(4) Upstream from the mouth of the Knife River Qsd2 was not
identified within the walls of the Missouri trench. 1In several of
the small tributaries of the Missour| River, however, are patches of
a finefgrained fill similar in lithology and stratigraphic position
to Qsdz in the Knife River valley. These patches of probable Qsdy
orop out in the following localities: .

(a) In the Stanton cuadrangle in SE} sec. 36,’T. 146N.,
R. 85W., a small excavation near the head of a north-flowing coulee
exposes about 6 feet of light yellow to gray-brown fine-grained sand
and silt, similar tc the fine-grained facies of Qsdy in the Knife
River(Valley. An additional 6 feet of this material was penetrated
by an ;uger hole. Further augering indicated that the deposit pro-
bably extends southwest into the northern part of sec. 1, T. 145N.,
R. 85W., and underlies the divide between the north-flowing coulee
and Elm Creek, a small tributary of the Knife River. This divide
is low and broad, and appears to have been enlarged by waters divert-
ed from the Missouri trench south into the Knife River. A few small
kames and patches of till are found near the floor of the divide and
granite boulders dot the surfa;e of the fine-grained fill, indicating
that both the enlarging of the divide and the deposition of the fill

antedated the last glaciation. Thus the fine-grained fill occupies

RS
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the same stratigrachic pogition as Qsdy; in the Knife Kiver valley.
The top of the fill is at an altitude of about 1830 feet, or about
200 feet above the modern floodplain of the Missouri River. Inasmuch
as the base of Qsdg is known to extend below the modern floodplains
of the streams in other parts of the Knife area, it appears that Qsdjp
was at least 200 feet thick in this part of the Missouri trench.
(b) In the northwestern part of the Stanton quadrangle in
NEL, swl, sec. 1, T. 146N., R, 85%,, a cut on the south side of a
gravel road leading to the abandoned site of Mannhaven exposes 10 to
15 feet of till overlying 15 fo 20 feet of medium-to fine-grained
brown and gray sand with some beds of laminated tan silt. This fill
is correlated with Qsd, on the basis of similar 1ithoiogy and similar
stratigraﬁhic position. The top of the fine =and is at an altitude
of about 1,900 feet of about 200 feet above the present floodvlain
of the Eissouﬂ.River;
(¢) In the northern part of the Hazen quadrangle in T. 146N,,

R. 86W,.,, are several deposits of fine-grained sand and silt that are
probably Qsdp.

In two localities the fine fill is overlain by late Wisconein
till. The first of these localities, a road cut on the west side of

8 deep coulee in NE}, NEX, sec. 17., shows the following section:

Top of exposure

Feet
1. Outwash sand and gravel 2%
2. Till, sandy, yellow-brown to light gray 5
3. Outwash gravel 13
4. Sand, fine-grained, tan to yellow, calcareous,
probably Qsdy, - . 11
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Base of exposure
The 15 feet of gravel between the till and the fine-grained fill

is interpreted‘as outwash laid down in advance of the laté Wisconsin
ice sneet.

The second locality is in NE}, sec. 18, and consists of sevoral
exposures in a deep coulee that leads north to the Missouri River.
These exposures show two tills that are in direct contact at the
sides of the coulee but that are separated by 10 to 20 feet of fine-
grai;ed sand near the center of the coulee (see fig. 9A ). Both the
upper and lower contacts of the fine~grained fill are erosional. The
lower contact is marked by a boulder pavement develoved on Ehe top
of the underlying till. The upper contact is nearly flat but locally
shows that a few of the beds of the fill were eroded prior to de-
position of the upper till, ’In one exposure, just west of a white
adobe house, the upéer 18 inches of the fill are enriched in calcium
carbonate; this may indica£e a period of =oil formation prior to )
deposition of the upper till, o? it may indicate merely precipitation
of carbonate from ground water. Where the two tills are in direct
contact, the boundary between theﬁ is not marked by any concentration
of stones and is difficult to pick. The upper part of the older till
1; well oxidizéd to a yelldw—brown, whereas the lower part of the
younger till is only partly oxidized and still preserves "islands"
of blue-gray color. The contact between these color differences,
hOWever, is gradational and not easy to identify except by careful

inspection.
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--~Stratigraphic relations--- The stratigranhic relations of
Qsd, as indicated by the sections just deascribed and by the rections
described in connection with Qsd; are as follows: (1) Qsdg lies un-
conformably on Qsd; and the Fort Union formation. In the Keogrh
Ranch and Section Line exnosures, Qsdy i= senarated from Qsdy by till
with no apparent erosional break between this till and Qsdp. 1In the
exposures in sec.,18, T. 146N., R. 86W., however, Osd, is separated
from an underlying till by a boulder pavement, indicating at least
"a short interval of erosion. The main unconformity, however, seems
to bte batween Qsdl and the ovarlying till rather than between this
till and Qsdy, and this unconformity is thourht to represont an
interglacial substage of the Wisconsin stase. (2) The'upper contact
of (Gsdy is erosional in neafly evory exposure. Till and Qsd3 une
conformably overlie Qsd, at altitudes ranging from below the flood-
ﬁlain of the Knife River to about 70 feet above the river near PReulah
and 200 feet above the Missouri River in the Stanton quadrangle. This
indicates that Qsd; was extensively dirsected orior to the last ice
advance and the déposition of the till and outwash. The extent of
this dissection sugrests that tha interval reoorded was considerably
longer than the interval between Qcd) and Qsdj,.

---Interpretation--- The origin of 0Osdy is not altorether clear.
Although it contains some reworked glacial material, the bulk eof this
111 was derived from the local bedrock of the area, Desoite thi-
fact, Q.':d2 reems to be closely associated, at least in time, with the

ti1l that underlies it and separates it from the older outwash fill,
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Qsdy. It seems likely, therefore, that Qsdy is an inwash deposit
formed during the wastage of the ice sheet that deposited the uncor- /
lying ti1l. A lobe of this ice sheet probably extendod across the
Missouri River trench at some point downstream from the mouth of the
Knife River, causing both streams to be ponded and to aggrade their
valleys.

The fine-grained eand and silt beds of Qsd, indicate deposition !
in water that was standing or flowing very slowly. The lenses of
coarse-grained sand and gravel, on the other hand, indiocate deposition
by running water. This alternation of fluvial and fluvio-lacustrine
conditions was probably caused by fluctuations in the height of the
ice dam in the Missouri trench.

--Third fill, Qsdg~-

Qsdz is the youngest and most extensively preserved Pleistocene
£111 in the Knife Ri?er valley; Like Qsdy it consists principally ol
glacial outwash and most of the stones are of foreign origin. It
~differs from Qadl in being less well size sorted and in lacking ocut-

- and-fill type or0ss-hedding. A few exposures of Qsdz show some
crosg~bedding but in moat'places the beds are essentially parallel,
Where Qadz consists of interbedded sand and gravel it is easily dis-
tinguished from the underlying Qsdp. A large part of Osdz, howsvoer,
congists of medium-to coarse-grained gray sand with only a few stringers
of pebble gravel and this facies is almost impossible to tell fromthe
sand facies of Qsd,. Some of the gravel beds contain cobbles and small
boulders of granite, suggesting that this fill was deposited fairly

close to the edge of the ice.
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The thickest deposits of Qsdz are in tha Stanton quadrancrle
noar the mouth of the Knife River. Here the base of the fill is
below the modern floodplain of the river and the top is 100 to 110
feet above the floodplain. The profile of the upper surface of
(sdy is gentler than that of the modern floodplain, so that wert 'i)
of Stanton it converges on the floodplain and Qedy gradually thins. ;
At Reulah the top of Qsdz is about 60 feet above the floodplain of |
the Knife River; and at Dodre it is about 25 feet ahove the flood-
plain of Spring Cresk.

---Distribution and Interpretation---~ In the valley of the
Knife River, Qads.hmabeen identified from the mouth of the river
at Stanton m%far west as the mouth‘of Rrush Creek in the Medicine
Putte quadrangle. West of this point the Pleirstocene fills consist
chieflv of medium-zrained sand and oannét be differentiated. As
indicated in the discussion of Qsd,, some of these sand deposits arae
probably the intérmidate fi11, Qsdy,. Others are probably Qsd3z, be-
cause the western part of the Knife River is beyond the lateWiscon-
sin drift border, and in this area Qsdgz prbbably loses its glacial
character and is an inwash fili similar to Qsdp.

In the lower 4 miles of the valley of Brush Creek Qsd3 consists
of parallel-bedded coarse-grained sand and gravel 25 to 50 feet
thick. These deposits differ from Qsdz in other parts of the area
in that they are better sorted and contain only small amounts of silt
and olay, Just wﬁy the fill in this valley is better sorted than the

rest of Qsdz is not clear, but the fact that it {s makes the gravel

\
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denosits in Brush Creek one of the tetter sources cof concrete
aggregate in the Krnife River area. ’

In the valley of Spring Creek Osdz has been identified as far
west as Dodge and probsbly extends still farther upstream. About
2 miles northeast of Golden Valley, in the southern part of sec. 12,
T. 144N., R. QOW:, is a deposit of very coarse sand and gravel that
has been mapped as Qsds. The top of this deposit is 55 to 60 feet
above the floodplain of Spring Creek, or about 20 feet higher than
" the general top of Qsdz in this vicinity. The bedding is foreset
almost due south into the valley of Spring Creek (see pl.A). The
deposit probably represents either a small kame built’directly arainst
ice or a delta buklt out into water ponded in the valley of Spring
Creek. Auger heles around tha'margin of this deposit indicate that
it lies in part on bedrock and in part on the fine-grained sand of
Qsdsp.

Between Hazen and the mouth of the Knife River at Stanton the
character of Qsdz is different on opposite sides of the valley. As
indicated in the discussion of Qsdg, the terrace on the scuth side
of the wvalley consists largely of medium-grained gray sand that hes
been mapped as Qsd, undifferentiated. Although some of this sand may
be part of the intermediate fill, Qsdp, a large part of it belongs in
Qsdz. In contrast, the deposits of Qsd; on the north side of the
valley consirt large}§ of coarse-grained sand and gravel, and these
deposits overlie.aznd pinch out against remnants of the cut terrace,

Qt. This terrace, presumably cut while the Knife River was flowing

at the .top 6f‘Qsd3, is not deveoloped on the south side of the vallev.
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The differences betwenn the north and routh sicdes of the valley
may be explained by postulating that in this part of the valley
Qsdz revresents a kame terrace rather than a wall to wall outwa-h
fill. The general fineness of grain size and the parallel bedding
of Qsdy on the south side of the valley do not fit the usual concept
of an ice-contact deposit. However, the valley of the Knife River
downstream from Hazen is broad and oven. If there were a rercidual
tongue of ice in the northern part of the valley, the southern part
could easily have been filled with a doposit of comparatively fine-
grained outwash that would show no ice-contact features except at
ite northern'nnrgin‘where they could casily have been removed by
later erorion.
In most exposures in the Missouri Riverr¥pllpy, Qsds consists
~
of parallel;bédded glacial sand and gravel that is similar both in
appearance and in composition to its counterpart in the Xnife River
E?IIey. The lérgeét sinsle -deposit of Osdz in the Knife River area
is in the Missouri valley aﬁd underlies a large terraco-like flat
in the northeastern part of T. 145N., R, 84W, Althourh in most of
the Knife River valley (except possibly for the sepment betwcen
Vﬂazen and Stanton) Qsds reoresnnﬁs a wall-to~-wall outwnsh fill, in
the Missouri River trench this fill is a kame terrace. The evicence
is as follows:
(1) In several localities the medium-to coarsce-grained sands

of Csdy are interbodded with layers of poorly sorted very coarro-

grained gravel containing slabs of lignite and boulders of granite

Al
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up to 2 feat in diameter, supgesting deposition close to the glacier.
Theso coarre heds are well exposed in the gravel pits in sec. 21, T.
146N., R. 84W,, (seo pl.20B).

(2) In SWE, sec. 16, T. 145Y,, R. 84VW,, are smnll gravel denosits
thut appear to pre<erve the construotiohu] tono,sranhy of smnll kaner
and cfevasse fillings.

(3) In the nortﬁeast corner of sec. 2., T. 145V.,AR. 84%,, ic a
gravel nit exposing 25 to 30 feet of medium-to coarse-;rained rsand
and gravel with the collapsed bedding tyoical of ice-contact deposits
(cree pl. 21). A few exvosures plus some auper holes east of the pit
indicatesthat this iceicontact rravel interfingers w}th and in nart
underlies the parallel-bedded gravel that is more characteristic of
fsdz. At the %outh end of the pit the ice-contact gravels are ovor-
lain by a bed of till 1 to 2 feet thick, indicating a local readvance
of the ico across this area after Qsd; had been deposited. The ice
front, therefore, ﬁasprobably never very far from the Misscuri trench
while Qsd; wars being deposited.

(4) Tn the éenter of the Missouri trench is a gravel formaticn,
elightly younger than Qsdz, that has heen mapped as Missouri River

“gravel, Omg. The base of this 7ravel is slightly below the modern
floodplain of the Miesouri River and rests on unweathered till and
local deposits of lacﬁstrine rand and clay. As indicated in a sub-
sequent section of this report, Qmg was deposited after the ize had

vacated the Missouri River trench, but before it had retreated beyond

the Max moraine. Very likely Cmz antedates also the readvance of tho
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ice that locally deposi;:E the till on top of Qsdz. "If, thnerefore,
Qsd3 was deposited as a wall-to-wall outwasn fiill, it was completely
eroded from the center of the Missouri trench during the comparati;e-
ly short inte;val between its deposition and the final retreat of

the ice. Such rapid erosion, while not impossible, is difficult to
imapine at a time when streams would normally be overloaded and would
be tending to aggrade their valleys. Also, there is no evidence of
this rapid ercsion in the Knife River vallev. If, however, Osdz is

a kame terrace this difficulty is eliminated, The center of the
Missouri trench could have been cleared auickly and completely by

the melting of the étagnant ice, leaving the space.that was soon
filled by the‘ﬁissouri River gravels.

-~~Stratigraphic relations--- Qsa3 is closely associated with,
and in places directly overlies a till sheet. Where this till is
absent, Qsdz is unconformable on Osdy and older deposits., The in-
terval betw;en diz and Qsdz was long enough to allow the srosion
of more than hal f of Qsd, from the valleys of the Knife and Missouri
rivers. Qsd3 grades laterally into deposits mapped.as late Wiscon-
sin outwash, Qwo. Qwo and Qsd3 are similar in appearance and com-
position and they have been mapped as separate units chiefly on the
basis of geographic distribution end association with other Pleisto-
cene deposits.,

Qsdz is the time~stratirraphic eanivalent of the ice-contact
deposits, Qic. Qsdz is slightly olcer than tho Missouri River

gravels, Qmg, and the youngest ice-contact deposits, Qic', and is



unconformably overlain by the latter deposits. All there units,
however, are_closely associated in time and beleng to a =ingle sub-
stage of the Wisconsin.

The eroded uoper.surface of Qed, is locally overlain by dune

3
sand, Ods, and post-glacial alluvium, Qal. In most localities, how-

ever, Qsdz is not overlain’by any younger deposits.

Late Wisconsin gravels essentially contemporaneous with Qsdg

Other than the outwash fill, Gsd gravel deporits of late Ais-

2
consin age are confined to the northeastern part of the Knife iiver
area, within the late Wisconsin (Mankato ) drift border. These
deposits have been mapped under the headings of outwash (Gwo), ice-
contact depésits (Qic and Qic') and Missouri River gr;vel (Cmr).
--Outwash (Qwo)--

In the northern part of the Knife River area, especially in the
Beulah and Hazen quadrangles, are numerous deposits of late Wisconsin
outwash (Qwo). This outwash consists of modera*ely well-rorted ,
parallel-bedded sand and gravel in which most of the pehbles are of
Canadian provenance.(fig. 7).

Laterally the outwash grades into the valley fill, Osdgz; and,
except for the fact that the outwash is generally coarser-grained
and includes some beds of cobble gravel, the two deposits are similar
both in composition and in geﬁeral appearancé. They have been
differentiated on the map for the following reasod? The deposits
mapped as Qwo oonsist entirely of glacial material; they are all
clearly related to the late Wisoonsein till and many can be traced

directly into the Krem moraine. In contrast, Csd3 cannot bedistin-
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guished in many exposures from the older fills of the Knife River
valley. Moreover, althourh Csdz consists chiefly of outwarh, it
contains also scme inwarh material derived from Knife River valley
west of the late Wisconsin drift border. Therefore, all the fills
in the Knife River valley have been mapped under the general head-
ing Qsd, and have been differentiated only where their stratigranhic
relations are clear. The northern edgze of the Knife River vaililey
has been chosen as the arbitrary dividing line, north of whichk the
late Wisconsin glacio-fluvial deposits are mapped Qwo, south of
which, as Qsdgz.

Between the Knife River and the Krem moraine, outwash is found

. ’

both in the valleys and on the flatter varts of the unlands adjacent
to the moraine. Several of the larger valleys have outwash trains
that can be traced from the moraine south te the Knife River. Other
valleys contain only small isolated denosits of the outwash. In
many valleys, the smaller ones in particular, are remnants of a cut
terrace, Qt. ‘The profile of this terrace coincides with the tops of

Qwo and Q=d and the terrace was evidently cut while the streams

3’

were flowidg at the top of the late Wisconsin outwash gravels. Nearly
all the remnants of the cut bench are capped by deposits of outwash-
type gravel ranging in thickness from one inch to several feet. For
convenience, the map symbol, GQt, has ceen restricted to thore benches
whose gravel cap is less than 3 feet thick; all thicker deposits have
been mapped as Qwo or Qsd,.

North of the Krem moraine most of the deposits mapped as Cwo

cap remnants of the out tarrace, Qt, which flanke many of the small
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streams and is gréded to a fill (probably Qsds) in the Missouri

trench. Strictly speaking, these gravels are not true outwash,

(&%

for they could not nave been denosited until after the ice-front
had retreated north of the Yissouri River. They must be the result
of the reworking of till by surface streams during the recersion of
the ice sheet. Nevertheless, these gravels are identical in com-
pesition, appearance, and mode of occurrence with the true outwash
gravels south of the Krem moraine, and they have been included in
the category Qwe.

—-lce-contact deposits (Qic and‘Qic')-—

In the nortﬁern and eastern parts of the Knife ?iver area are
numerous isclated depcsits of stratified drift that show the poor
sorting and the steeply dinping or jumbled bedding characteristic
of ice-contact denosits (=ee pl.22A ). Most of these deposits con-
sist of médium-to coarse-grained sand and gravel, but a few of them
are fine-grained and consist mostly of silt and fine-gzrained =and.

Some of these ice-contact deposits arevisolated mounds or
kames, therf appear to have been built between ice and the sides
of small vglleys and could be considered rudimentary kame terraces.
- Still oghers have ver& little topographic expression and would pro-
bably have been overlooked except that they are exposed in road cuts
or in the cut banks of streams. One deposit, in sec. 20, T. 145W.,
R. 88W., is expressed topographically as a low sinuous ridge and
this deposit is probably a small esker.

---Qic--- The deposits mapped as Qic are easenti&]ly con-

temporaneous with the outwash (Qwo) and the valley fill Qsdz. “any
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of thece deposits are associated with tho Krem moraine. = The

largest of these is a flat-toppod kameor keme terrace at the north
edge of the Beulah trench in secs, 1, Zi:gnd 12, T. 145N,, R, 88W.
"This feature was olearly formed after the ioce-front had partly re-
treated from the moraine but while stagnant ice filled part of the
trench. Meltwater from the ice flowed southwest through two small
valleys in sec. 1 and deposited sand and gravel around a block of
ice in the northeast part of seo. 11. Later the ice melted, leav-
ing a large closed depression or kettle~hole. Pl, 23 shows the
typical lithology of the kame,

=--Qic'-~- The deposits mapped as Qic' appear to be slightly
younger than those mapped as Qic. They are confined to th; Stanton
quadrangle and are related to a late readvance of the ice across the
Missouri River trench in.that area. They orop out at the following
localities:

(1) In the southeast part of the Stanton quadrangle in secs.
22, 26, and 27, T. i44N.,'R. 84W,, are two northwest-trending ridges
oomposed of very poorly sorted boulder gravel. The ridées are about
% mile long, 100 to 200 yards wide, and 25 to 30 feet high. The
. elongate shape and bouldery nature of the deposits suggest that thoy
may be small end moreines, but they could also be interpreted as
kames., These moraines or kames are set on and rise abo?e the " 40
foot terrace" that flanks *the Missouri River floodplaing. As will
be shown latér, the terrace is capped by post-glacial alluvium (Qma)
but is underlain in part ﬁy the Missouri River gravels (Omg) and late

Wisconsin till. - Exposures around the ridges are poor, but seem to
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indicate that the boulcder gravels lie on the upper surface of
the Hissouri-River gravels (ng) anc¢ are overlapped by the alluviun
(Cma ).

(2) In sec. 11, T. 145N., K. 84W., are several smull kames com-
poscd of stratified coarse-grained sand and pebule gravel. There
kames rise above and apparently lie on the upper surface of Qsds.

It is possible that come of the other small kames in the Stanton
quadrangle, such as those in sec. 1, T. 145*., R. %;%., may be the
'same age as the boulder ridres and kames just iescribed and should
therefore hgve been mapped as Qic'. However, in the absence of di-
rect stratigraphic evidence either for or against this gorrelation
they have been arbitrarily designated as Qic.

The boulder ridges and kames mapped as MNic' apparaently overlie
and are therefore younger than both the valley fill, CQsdy, and the
Missouri River gravels, (mg. It has already been noted (p. 111)
that a thin till sheet‘occupies the same stratigranhic position as
these ridges and kames. Therefore the till and the gravels.of (ic!
are prgbably of the same age and are related to a late readvance of
the ice-front in the easten{part of the Knife River area. This ro-
advance, whose approximate iimit is shown on pl. 4, was apparently
later than the readvance to the Krem\moraine, for, as already noted,
the deposits of the Krem moraine seem to be contemporanecus with at
least the upper parts of Qwo and Qsdy.

--MisSAuri River gravels (Qmg)--

In the Missouri River valley is & broad terrace, whose top is

LAY
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35 to 40 feet above the precent floodplain of tﬂn river. 1In the
valleys of the Knife River and its tributaries the ecuivalent
terrace is composed entirely of alluvium, but in the 40-foot ter-
raco of the Missouri valley, alluvium is merely the upvermort de-
norit and lies on the eroded rurface of bedrecck, till, and a =e-
aurnce of éravnls unlike any other gravels in the Knife River area.
For convenience thersa gravels are referred to in this report as
"Missonri:Rivor cravels", but it is not intended that they be de-
"sisnated as a formation. or given a formal name.

The Missour{ River gravels are restricted to the 40-foot terrace
in tho liissouri trench, no similar or equivalent gravels haviny been
found in any other valley in the area. The character a;d strati~
graphic relakions of the pgravels are well shown in gravel vnits and
exposures in the face of the terrace neoar old Fort Clark in T. 144N,
R. 84W,, in the face of the terrace on the east side of the Missouri
in cecs. 15 and 22, T, 145N., R, 84W., and in the excavations made
in connaction with the_guiIding of Garrison dam.

The Missouri River pgravels range in thickness from a few inches
to about 40 feet. They coneirt of well-rorted, parallel-bedded sand
and moderately well-rounded pebble gravel.

In composition thc Missouri River gravels differ from all
Pleirtocene deposits of the area. Pebble counts that exclude stones
derived from the local bedrock show that only 50 to 60 per cent of
the pebbles are.of Canadian provenance; the rest are of western deriva-
tion. ?he western stones consist of red, purple and brown cuartzites

(probanly derived ultimately from the pre~Cambrian Relt formation), -
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gray, brown ané vellow cherts, and a few fra=s=i~ of mors agate

that probably cams from the Yellowstone River ¢riinaye tasin. ‘oot
of the western stoners ar~ sub-round to rouné an® mayv be in their
regona or thirdeycle of sedimentation. The Cav-iian rtones are
mostly limestone andé granite, and are sub-ro=- "0 sub-anrular,

ahout the same degras of roundneses as is founc 37 the ocutwash or
kamers,

The lower contact of the Mierouri River rsvels i eroricnal.

Tﬁ most ;utcrops, the pravels lie on the sli-hily channeled curface

of the late Wisconsin till; in a few outecrooc, t@e till is missing

and the ,ravels rest directlv on the Fort ﬁniOt formation. The amount
of eroci;n of the till is not great, howaver, s the u;conformity be-
tween till and rravel proba:ly does not reprosezt a rreat lenvth of
time, Tnere is, unfortunately, no outcrop tha: 9xvoses the contact
betwoen the Missouri gravels and the fill, Qsdz. but presumably. the
graveis overlie the fill.

The upper contact of the Miscouri River ;ravels is also erosional
except in secs., 22, 26, and 27, T. 144N,, R, 8:., where the gravels
are overlain by the boulder ridges, Qic'. Exocsures are poor, but
in genergl the two deposits anpear to be conformable, FElsewhere, the
only deposit overlying the Micsouri River rravels is the vost-rlacial
‘alluvium Oma. Prior to the devosition of the srlluvium, the rur?acé
of the gravels was extensively ernrded, In som> places, esnecially
near the mouths of tritutary streams, erosion »>mpletely removed

both the gravels and the underlying till, ané iz these localities

the 40-foot terrace consists entirely of the lazar alluvial fill, (pa,
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In the summer of 1949 the excavations in the 40-foot terrace
on the west side of the Missouri R;ver at Garrison Dam afforded
an unusually good set of exvosures, showing both the character and
.stratigranhic- relations of the Missouri River gravels. In the so-
called intake channel, just north of the edge of the Stanton quad-
rancle, the unconformities between the rravel and the overlying,
alluvium and betwoen the gravel and the underlying till were well
displayed (see pl. 24 ). In two places in the intake channel the
Missouri Ri%ér yravels are separated from the underlying till by
thin discontinuous deposits of dark gray lacustrine clay and medium-
grained yellow sand, deposits not exposed elsewhere in thg area.
It has alrendy been stated that probably the Missouri trench was
filled with stagnant ice durin; the recession of the late VWisconsin

glacier. As the stagnant ioe melted, it split into blocks between

which were small ponas connected by winding streams; The lacustrine
clays and yellow sands were probably deposited in these ponds and
streams,

The oritical features of the Missouri River gravels can be
summarized as fOllOWS:'

The large numbers of pebbles of western provenance indicate that
thle these gravels were beinr deposited the Missouri River was flow-
iﬁé freely, unimpeded by ice or glacial debris. However, the large
numbers of glacially derived stones indicate that the ice front had
not retreated very far to the northeast and was still supplying out-
wash to the Missouri River. Therefore, the Missouri River gravels

were deposited during the recession of the late Wisconsin ice, jurt
EEEAY
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of the rame township are outwash,
--Cravel on older cut terracers ((t7)--

In the westarn and northwe-tern parts of the Rroncho Quadranyle
are remnangs of a cut or strath terrace capped by denorits of fluvial
sand and ;ravel.

1ln TfilﬁzN., #, 91.,, the bench remnants with their cappings of
gravelw;ange from 60 to 100 feet atove the wresent floodolain of the
£nife «iver. VProbably npg all are remnants of the same strath but
nevertneless all appear to ve of the same general are.

In the northwest corner of the Rroncho Quadrangle another pgroun
of gravel deposits manped ars Qtg cap remnants of a cut terrace flank-
ing a small tributary of Spring Creek. The gradient of the terrace
is much gentler than that Qf the presgnt—day stream, so that the twe
profiles, which are neaély coincident near the headwaters of the
of the stream in sec. 5, T. 143N., R. 91¥., diverge rapidly down-
stream and in secs. 34 and 35, T. 144N., R, 91%., the deposits of
Otsfar; 40 to 45 feet above the prerent valley floor.

In contrast with the older glacial gravels, which contain 70
. to 90 percent pebbles of Canadian derivation, the gravels of Gty are
50 to 60 per cent of local origin (see fig. 6 ).

Thus, the gravels of (ty are ;imilar lithologically to the
gravgl beds in the intermediate fill (Qsdz) in the Knife River valley
suggest&ng that the two deporits may be related. It ie possible'that
streamsiklowin{ on the top of the fill Qsd, planed across the bedrock

and nubé.quently deposited additional pravel on top of this beneh.,

Under this hypothesis the cut terrace could have bean formed after

144



the valleys ﬁad been cut to their present depth. It is also possible
that the beﬁch remnants are rglics of an old erosion surface that
anﬁedatvs the dissection of thne valleys and that the fill Qsd, rose
and capped these remnants witn sand and gravel. The field ovidence
is consistent with either hynothesis:

--Older sand and gravel undifferentiated (Qs;)--
fﬁ contrast with the élacial depositrs of Qwp and the fluvial
denosits of Otg the denosits manped as Osp are indeterminate in
oririn as well as in correlation. They are so few in numter and so
small in size that no statistical count was made of thair pebbles,
but a few rou;h estimates were made and indicate that scmo of tham
contain 60 to 70 per cent stones of glacial origin while bthers con-
tain 60 to 70 per cent stones of local derivation. Thus the map
heading Qsg is probably a scrap-barket group that includes pravels
of both glacial and fluvial origin. The glacial deposits may be
remnants of kames or outwacsh; the fluvial deposits may bte remnants
of gruveir rraded to Qsdp in the Knife River valley. 'The deposits
in sec. 32, T. 142N,, R. 89%%W,, and in sec. 5, T. 141N., R, 89#,,
are very likely of pglacial origin as they contain a large proporticn
of granite and limestone pebbles and cobbles, some of which apnear

to preserve glacial soles and a few of which seem to have faint
remnants of striations,
Cut terracer (Qt and Qlt)

Flankin;: the valleys of Knife River and many of the emaller
rtreams are remnants of stream-cut benches at various altitudes

above the modern floodplains. The highest of the these benches or
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strath terraces apparently fall on a single profile anc have been
mapped as thé terrace, Qt. The lower benches do not fit any one
profile, but ha;e all been groupecd in the general herading, Qit.
Although as a general rule erosional features do not belong in

the discussion of stratigraphy, these terrates are so intimately
anSOCigtéd with the Pleistocene deposits of the area that they will
bo discussed at this time.

The higher cut terrace, Ot, is woll developed in the northern
and eastern parts of the Knife River area. It is absent or at least
cannot be identified in the southwestern part of the area beyond the
late Wisconsin drift border. The terrace is cut on both bedrock and
late Wisconsin till. The downstream slope of the terrac; profile is
less than the gracdient of the modern floodplains. Therefore, traced
upstream the profiles of the terr;ce ‘ancd the floodplain converge;
traced downstream they diverge. Thus Ot is 25 to 30 feef above
Spring Creek near Golden Valley, 50 to 60 feet above the Knife River
at Reulah, and 100 to 1J6 feet above the Knife and Migseouri riversat
Stanton,

As stated in the descripticas of the outwash, Qwo, and the fill,
(sdz, the long profile of Qt coincides with the tops of the higher
remnants of these glacio-fluvial deposits. Also, nearly all the
bench remnants are capped with at leart a skim of these deposits.

It is therefore difficult in many localities to tellowhere Osdgz
or Qwo stops and Qt begins. For convenience in mapping, Qt has been
limited to thore bench remnants capped with iess than 3 feet of

gravel, and all thicker gravel caps have been mapped as Qwo or Qrdy.
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Tre coincidence in the.profiles of Qt and the tops of Owo and

Qsd3 suggests a genetic connection between the terrace and there

-

glacial cdevositr. Abpnarently, after having denccited Owo and “=dgz,

the rstreams flowed on the tops of these fills leng enongh to cut 4

latearally into the valley walle and develop a strath acrosrs both

till and bedrock.

Botveen the higher cut terrace Gt and the modern flecodnlain

of the Knife River are remnants of otherstrath terracos that have
bern mapped ar “lower cut terraces" (Qlt). In most of the #£nifec
?iver areca these lowcr surfaces do not fall alecng any definite oro-
file and they probatly represent non-paired, strath terraces, cut

’

while the Knife River was dissecting the late Wisconsin fill, Qsdg.
Recause of the upstream convergence of the terrace profiles and the
present stream profiler, it was not always possitble to distinguish
the higher cut terrace, Qt, from the lower cut terraces, 0l%, in
the Golden Valley quadrangle. Therefore strath terraces in ihis

quadrangle were manped as Qt, althouprh <ome of them are probably

correlative to the lower cut terracear.

Summary and correlation of Pleistocene deposits

The Knife River area is partly covered by three ages of glacial
deposits, whose relations can be summarized as follows:

tl) The tills are lithologically similar and cannot be differen-
tiated except where they are intervedded with stratifiec deposits.

(2) [n the valleys of the Knife and Missouri rivorr are 3 fills
(Qsd). The base of each fill is below the modern floodplain of the

streams, indicating that the valleys have been cut at least to tne
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deptns of their prcsent floors before any of thece fills were de-
nositec. The firrt £ill (Gsd,) is crosstedded outwash sand and

S
gravel. Theré are no exvosures showing it in contact with an

o

undarlying till, bLut 'its character and stratigraohic relations in-

.

dicate that_ik‘must record a placial advarce. The second fill (Qsdz)
is compgrahivé]y fine--rained, consisting mortly of silt and fine-to
medium-grained sand derived from the local beérock. Tt is inter-
preted’as a fluvio-lacusrtrine inwnsh fill, laié down when a lobe of
ice blocked the Mirrcuri River dovnctrean frem the mouth of the
Knife River. This fill overlirs and is clossly associated with a
till sheet. The third fill (Csdy) censists mestly of glacial cut-
wash. In most of the Knife Kiver valley this £ill was "wall-to-wall",
tut in the Misscuri River trench it was a kame terrnce. This fill im-
mediately overlies the third or youngest major £i11 sheet, and both
till and fill are confined te the northern and eastern parts of the
Knifc River area,

(7) The three fills are ceparated by pronounced unconformities.
* The interval betwe~n th~ first and second fills was characterized by
a fairly small amount of erosicn and weak soil-development. The in-
terval betweecn the second and thirce fill; was characterized bty more
.exteneive erosion , which dirsectrd the thick fill, Osdz and removed
the bulk of the two older till <cheets,

(4) A fourth fill (Omg) i< rectricted to the Missouri River

§
trench, nand consiste partly of cutwash and martly of =tones dorived

from the we-~t. It anpears to have been droesited araninct the sicer

of the kame terracc of Csdz shortly after the starnant ice hac .+ .%cc

from the trench, and it does not record another glacial episode.
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(8) A fourth till with associated ice-contact denosits is
present in the extreme eactern part of the area. These deporsihe
ovirlie toth the third #ill (Csds) and the Miscouri Hiver ;ravels
(%mr), it there is no unconformity at their bare and they pro-
batly revrercent morely a readvance of the ice thet depeorited the
thiré till ngd the third 111 (Q$d3).

(o) Other "fluvial and rlasio-fluvial deoesits in the Kni fe
Xiver aroa are the lateral anc time eacuivalents of the three ma icr
fills Qsdy, %sdp and Csdz. The devorit- of ice-contant stratified
drift (Cic) ana outwarh (Gwe) in the northern mart of the area aro
easily shovn to be the time eauivalent of the fill, Ordy. The
irclated remnantr- of fluvial and flacio-fluvial deno;its in the
in the southwarstern part of tho Knife River area (Gtg, Qwpr, and Qﬂg)
cennct be correlated definitely but are probahly the em:ivalent of
the intermediate fill Osdz.

All three renerations of Pleistocsne:danositc in the Knife River
area are believed to be of Wisconsin agre. Qsd; and Osdp and their

arsociated deposits are ecarly Wiscensin, Iowun and Tazewell resovective-

ly. Qsd.

5 is late Wisconsin and is onrovably Mankate. Theso correla-

tions are based partly on a cemnarisen of the stratipraphic secuence
of the Knife River deposits vith the seouence of dated deposits in
South bakota, Iowa ané Nebraska, and partly on the tracing éf'W1s-
consin drift borders from the North Dakota-South Dakota State line
north to the Knife River. The field evidence and the rearoning can

be summarized as follows:

149



LR T g

(1) Crandell (1951, pp. 148-149) and Varren (1949, p.1926)
have incepencently concluded that in Louth Dakota the Missouri

diver trench was establiched during the Illinoian glacial stage.

They alro agree, as does Flint {1951, manuscript in preparation)

that the oldertdrif't in the trench is lLowan ana that the base of
this drift is close to the present floor of the valley. Thus,
Csdy occﬁpics & topograuhic pvosition similar to that of the lowan
drift in bouthﬁbakota.

(2) The outerﬁost drift vorcer in North bLakota has been traced
from just west of the Knife River area south to the South Dakota
State line, where it joins the lowan drift borcer as mapped by
Flint (1951, op.cit.). Although this drift has been dissected and
largely removed, its remnants are conformable with the present topo-
graphy (i.e. they post-dgte the dissection that followed the cutting
of the Missour% River trench) and are found in the bottoms of some
of the valleys. Thus drift of lowan age is present in North Dakota,
and has the same topographic and stratigraphic position as Qsdy in
the Knife River area. .

(2) Until a few years ago it was generally assumed that the
Iowan-Tazewell intervgl was the longest of the isconsin interglacial
sutstages. iecent work in South laxota, Nebraska, and Kansas, how-
ever, has shéwn that this interval wae relatively shoEt and was

characterized by minor erosion and weak soil formation (Leonard,
e

1950, p.1481; Schultz et al., 1951, p.7; Frye, 1951, p.406; and

.Flint, 1951, manuscript in prevaration). This fits the description

of the interval between Osdl and Qedg in the Knife Wiver aroa. The
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same recent work has shovn that the Tazewell-Cary interval was
relatively long and was characterized by more extensive erosion

and strong -soil-development (the Brady soil-forming interval in
Kansas). fhis fits the description of the interval between Osdg

an¢ Gséy in the Xnife River area. Therefore, Gsdp and its Associat-
ed till sheet are protably of Tazewell age,

24) Flint (1951, op.cit.) has found that in north-central South
Dakota the wvorder of the Cary drift is crossed ana overlapped by the
torder of the younger Mankato drift. in southern North lLakota, this
Mankato drift torder ir aifficult to follow, tut can be traced in a
fgeneral way from the Scuth lakota State line northwest to the Knife

’
River area, wherc it coincides with the limit of tne third till and
tne valley fill, Qsda. [ have found no evidence of any major drift
border northeast of thnis one, either in the Knife River or anywhere
elre in scuth-central North Dakota. Certainly there is no evidence,
elther stratijyraphic or topo.;raphic to support the old idea that the
Mankato drift borcer is marked by the "Altamont" (now the Max) moraine.
It seems probable, therefore, that in southern North Dakota the Cary
drift border has been overlapoed and obscur;d by the Mankato drift
anc that all the ;130%91 deposits asscciated with Qsdz in the Knife

River area shoulc be assigned to the Mankato substage.
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RECENT SERIES

As used in this reﬁo;t, the term "Recent" includer all post-
Mankato dep9sits. These deposits include alluvium, eolian sand,
landslide bloéks, and deposits of residual silica. Thick deposits
of colluvium cover some of the slopes, ecrpecially the sides of
some of tﬁe larger valleys, but these have not been differentiated
on the map, The landslide blocks are discussed under “Geomorphology"

s ~“,//

and are desoribed in this section.
Alluvium (Qma and Qal)

‘ Poat-glacial stream deposits ocover the floors of all the valleys
in the Knife River area., Thesn deposits con;ist mosfly of tan to
gray fine-grained sand and silt with a few beds of coarse-grained
sand and a very few lenses of pebble to cobble gravel, The alluvium
in the valley of the Misecouri River is all fine-grained, the coarse
sand and gravel being restricted to the valleys of the Knife River,
Spring Creek and a few of their tributaries. Some beds of the al-
luvium are well sorted and consist of thinly-bedded silt or fine
sand; others are very poorly sﬁrted and consist of a mixture of
particles ranging in size from clay to fine- or medium-grained sand.

Two ages of alluvium can be differentieted locally in the Knife
River area. The younger of these is represented by the modern flood-
plains of the streams; the older, by a terrace flanking tha flood-
plains. In all the valleys except that of the Missouri River this
terrace is composed entirsly of alluvium. In the Missoufi River
valley, howover, the olcer alluvium is merely the "caprock™ of the

terrace and is unoonforﬁably underlain by several Pleistocene de-

-
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posits, notably the Missouri River gravels (Omg). Therefore, be-
cause it is both lithologically distinctive and topographically
prominsnt, the terrace in the isissouri River valley has been map-
ped as séparate geologzio units., Where the top of the terrace is
underlain by the Missouri River gravels covered by less than 3
feet of alluvium, the terrace has been mapped as Qmg; where the
alluvial cover is more than 3 feot thick, it has been mapped as
the "alluvial terrace",.Qma.(fig, 10).

Elsewhere in the area the terrace has neither the topographic
prominence nor the distinctive composition that it has in tﬁe
Missouri River trench, and in pany varts of the valleys it is im- '
possible or impractical to map the bougdary between the t@o ages

of alluvium. The reasons are as follows: (1) The profile of the

top of the terrace has a-gentler gradient than the modern flood-

plain, so that traced upstream the terrace and floodplain gradually
converge. Thus the terrace, which is 35 to 40 feet above the Mis-
souri River floodplain, is 15 to 20 feet above the Knife River
floodplain in the Broncho anc Medicine Bute quadrangles, is S5 to

10 feet above the floodplains of streams like Willow Creek and Elm
Creek in the middle parts of their courses, and is coincident with
the modern floodplains in the headwater areas. (2) In several of
the through valleys or trenches that contein no large streams, the
alluvial floor, which is obviously being augmented by current slope-
wash, is not dissected and is apparently graded to the alluvial ter-
race rather than the modern floodplain of the Knife River. (3) Even

in valleys like those of Willow Creek and Elm Creek where the terrace



of older alluvium i§ readily distinguished, the scale of the map-
ping makes it,impracﬁidal to separate the small fragnents of the
terrace from the modern floodplain.

The;sfore, outside the Missouri River trench both ages of
alluvium~have been mapped as Qal, In the valleys of the Knife
River and Spring Creek, where the remnants of the older alluvium
are topographically distinct and large enough to show on the map,
tﬁey have been séparated from the modern floodplain by a hachured
1ipé. In the smaller valleys even this differentiation was not

attempted.

Eolian sand and silt (Qds)

The Great Plains is a country of high winds and 1itt1; rain
and the effectiveness of wind action irs apparent to anyone who has
spent much time in the area. It is not surpriesing therefore that
most of the Knife River area has a thin veneer of wind-blown material.
This is espeocially true of thoée parts of the area that are south-
east of the major stream valleys, where there is an abundant source
of loose, fine-grained material easily picked up by the winds. On
the geologic maps (pl. 1) the eolian material has been shown only
where it is more than 5 feet thick or where it has dune topography.

Nearly all of the deposits mapped as Qds consist of fine- to
medium-grained sand and their surfaces have typical dune topography.
A few consist of very fine-grained sand and silt (loess) and have
smooth upper surfaces that show no signs of dune topography. These
loess deposits are minor in comparison with the depoait§ of dune
sand and are largely restricted to the dbluffs overlooking the Mis-

souri River.
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In most deposits the dune sand is fine- to coarse-grained with
minor amounte of very coarse sand, granules, and a few pebbles.,
Pebbles up teo one inch in dlameter are cuite common in many of the
thioner eclian deposits. Some of these pebole-bearing dunes are
downsidpe from exposures of till or gravel, and the pebbles evi-
dently rolled or crept downhill while the dunes were being formed.
Other pebples, howevér, are'found on toep of some of the.dunes on
the terra;q near Stanton where there is no hill from which these
pebbles could have come. The only logical conclusion is that the
.wind must have rolled them onto ghe surface of the dune. In color,
the dune eand ranges from light yellow to dark brown depending on
the amount of included ocarbonaceous material. In pgeneral’ the thin
deposits have more humified matter and are darker than the thick
deposits. The largest areas of dune sand are in the Stanton and
Hazen ouadragélezand are southeast of large remnants of the Pleisto-
cene fills Qé@. The largest individual dunes are in the southcast
part of the Hazen quadrangle in 860<. 23, 24, 25, and 26, T. 144N,,
R. 86W, These>high dunes form the southern end of a large deposit
of eolian sand that caps the terrace of Qsd and extends south across
the till and bedrock of the valley wall of the Knife River. The
high dunes have a local relief of 40 to 50 feet and are more than
100 feat highef than the terrace to the north. Undoubtedly they
have a bedrock core, but no exposurss of this core could be found
in the blowout areas. These high dunes are grassed over, and
stabilized except in the eastern parts of secs. 24 and 25, where

about 3/4 of a square mile is underlain by aotively shifting sand

that is migrating southeast and enoroaohing on the valley of Kinne-
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man Creek (called Sand Creek by many of the local recidents).

Two iines of evidence suggest that most of the dunes were de-
posited by northwest winds. First, as already mentioned, most of -
the large vatches of dune sand lie southeast of areas underlain by
tho Pleistocene sand fills, Qsd. Second, aerial photograshs show
that the dune topography has a definite northwest-southeast grain
or alignment. foday, al though strong winds blow from nearly every
quarte;; weather records indicate that the strongest storm winds
are still from the northwest, and the dunes would still be amoctively
forming were not most of the loose sand grassed over.

Most of the dunes probably were formed during the “oclimatic op-
timum", about 4,000 to 6,000 years ago, when the climdte of central
United States was warmer and probably drier than it is today. How-
ever, altﬁpugh this dafe is plausible, it 4s difficult to prove.
That the dunes are post-Pleistocene is indicated by the fact that
they overlie all the glacial deposits in the area. That the dunes
are not a product of the modern climate is shown by the fact that
most of the dunes are grassed-over and stabilized. Also, on the
surfaces of some of the dunes in secs. 12 and 13, T. 145%., R. 84W,,
I found bits of pottery and other Indian artifacts, indicatiné that
the dunes had been stabilized prior to that particular occupation,
Therefore, the stratigraphy indicates only that the dunes are post-
Pleistoocene and pre—mddern climate, but the warm, d}y climate of the
“climatic optimum” would have been a favorable time for eolian action
and it is reasonable to suppose that most of the dunes were made at

that time.
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Residual silica deposits (Qrs)

In the,sou%hern p&rt of the ledicine Putte quadrangle seversal
of the higher hills are caoped by a rubble composed of broken blocks
of stlicifierd sandstone and shale. Similar rubble cavs hills jus<t
south of the ouadrangle. These silica blocks ware vrobably derived
from & bed in the lower part of the Golden Valley formation and have
been let down to their present position by weathering and erosion,
These deposits have beep differentiated on the map becaure they are

a potential source of riprap for feoing the upstream sides of dams.
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GEOMOZPHYLOGY AWD GLACTAL GEOLOGY OF SOUTHWESTERN
\ NORTH DAKOTA

Prior to 1946 the late Tertiary and Quaternary history of
southwesterﬁ North Dakota had received little attention and was very
poorly knowﬁ. What little was knowvn was baced on the good though
sketchy reconnaissance work of Leonard (1912, 1916a, 1916b) and Todd
(1914; 1923). Therefore, in order to provide a backeround for the
study of Knife River area I spent a part of each summer making a re-
connaissance study of the glacisl drift and the land forms betwcen
the Knife River area and the North Dakota-South Dakota State line.
The results of this reconnaissance are summarized in ghis gection of
the report. ’

In this report, southwestern Nogth Dakota is defined as that
part of the State that lies west of the Missouri River and south of
the latitude of the mouth of the Little Missouri River. North of
this latitude the geomorphology and glacial geology are being studied

by A. D, Howard, of the Geological Survey.
)
Land forms

The higher parts of the interstream divides in southwestern North
Dakota consist of a broad gently-rolling upland abo;e which stand a
few buttes capped by the Oligocene White River formatlon. Surrounding
at loast one group of these buttes are remnants of a planation sur-
face capped with several feet of coarse gravel. This gravel-capped
surface appeafs to be slightly higher than, and therefore probably
older than, the broad upland. Near the edges of the broad upland the
surface slopes gently down toward the valleys of all the major stroams
except that of the Missouri River., These gentle slopes outline broad
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valleys whose floors have been entrenched to form the more narrow
oomparatively steep sided valleys that today contain the maior streams.
On either;side of these streams is a dissected belt composed partly

of bgdlanda dand partly of more gen%le grassed over slopes. These
dissccted a}eas have been carved from the gently slopiny rurfaces of
the old brbéd valley vrofiles. The belt of badlands borcering the
Little Missouri River is much larger andé much more spectacular than
that adjacent to any other stream. This badland area has a special
hirtory and will be described later.

Although most of these land forms are the result of erosion cur-
ing the late Pleistocene and Recent epochs, some of them are relicts
of the Tertiary Period. The high buttes capped by the ¥hite River
formation must have had their beginnings during the period of erosion
that followed the deposition of those sediments. Thus the butte tops
themselves represent a surface of deposition inherited from the Oligo-
cene epoch and the dissection of the butte slopes started either in
late Oligocene or in'early Pliocene, a8 soon as the streams had cut be-
low the base of the White River sediments.

The gravel-capped planation surface that borders Coffin Buttes in
southwestern Grant County has already been described on p. 100. Foth
in lithology and in mode of occurrence, the gravels resemble the Flax-

" ville gravels of eastern Montana and they are probably of nearly the
same age. Inasmuch as the Flngille gravels contain vertebrate fossils,
dated as late Miocene to middle Pliocene, the gravels near Coffin Buttes
ha&e tentatively been classifiad as Miocene (?) or Pliocena (7).

The broad uplanda are apparently slightly younger than the plana-

rg
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tion surface gravels. If these gravels are actualiy the equivalent
of the Flaxville gravels, then the broad upland was formed either in
late Pliocene or early Pleistocene time.

‘In addition to the land forms just described there are a number
of thnrough valleys or trenches that cut across the divides between
the m&jor streams. All these trenches are in the glaciated area;
most of theﬁ contain small streams or no streams at all wifh the ex-
ception of the trench that extends from Garrison Dam south to the
State line. This trench contains the master stream of the area, the
Missouri River. The origin and history of the Missouri River trench
is one of the key factorsvin the Quaternary history of western North
Dakota and must be understood before some of the other features can

be appreciated.

Origin of the Missouri River trench

General setting

The major streams in North Dakota are shown on the sketch map in
fig. 3. It can be seen at a glance that the drainage pattern south-
west of the Uissourl River tears no resemblence to the pattern north-
east of that river. Southwest of the Missouri River the streams flow
north and east and would sppear to be part of a master drainage flow-
ing northeast into Canada except that they have been beheaded by the
Missouri River. Northeast of the Missouri the streams wander and the
goneral pattern is hap-hezard. All of these streams in eastern North
Dakota have been deranged by the deporits of the ico rheets. Some
parts of their courses seem to be remnants of pre-glacial channels

while other parte are clearly new and have been established since
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the glacial drift was laid cdowm.

Just east of the Missouri River, the Coteau du Kissouri is
crossed by several large valleys or trenches that today contain no
rajor streams. These valleys are nearly collinear with the valleys
of the western tributaries of the Missouri River and orobably repre-
sent thg fo}mer courses of these rivers. The floors of the abandoned
valleys hang 126 to 175 feet avove the present Missouri Rivér and
therefore seem to be extensions of the broad valley profiles of the
western streams.

From the Garrison Dam south to the State line the Missouri River
trenoch bears little resemblence either to its tributaries from the
west or to the strcams east of the Coteau. The broad valley profile
that characterizes the valleys of its western tributaries is lacking
in the liissouri River trench, which is incised sharply into the up-
land surface of the Great Plains. In some places the upland surface
slopes toward the trench for several miles on either side; but in
many'other places the upland actually slopes away from the trench.
Evidently the Missouri Rivef was not established in southern North
Dakota until after the broad valley prafiles of the other streams
had been out.

The anomalous relation between the Missouri River trench and the
rest of the topography in southern North Dakota'is identical to the
features in South Dakota desoribed by Flint (1949) suggésting that

in both states the Missouri River has had a similar history.

Hypothesis of glacial diversion

That the present drainage pattern in North and South Dakota

A}

Tesulted from the diverrion of streame from their former ocourses by
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the action of a glacier was first suggested by G. X. Warrea. Later
this idea wns adopted and explored by J. E. Todd, state geologist

of South Dakota. Todd's ideas on the glacial geology of both North
-and South Dakota has been published in several journals and his con-
clusions gbout the Missourl River were summarized in a short paper

in 1917. Briefly Todd concluded that at some time in the past the
atreaﬁs in western North and South Dakota had continued east across
the site of. the pfesent.Migsburi River trench. The streams in North
Dakota and nérthern South lakota were part of a maste; system that
drained into Hudson's RBay; the streams in centralland southern South
Dakota turned south through the troad valley of the James Rivar and
entered what is now the Missouri River in southern South Dakota. The
advance of the glacier blocked the downstream segments of these old
valleys, and the rtreams wefe forced to turn southeast along the mar-
gin of the ice. By the time the ice had retreated this new course
was so desply entrenched that the old wvalleys were not reoccupied.
This new southeast-trending velley was further deepened and is the
presenf Missouri River trench. .

Since éhe work of Todd no one eicept Leonard (1916a) has serious-

ly questioned the idea that the Missouri River trench is of glacial
origin. Recently Flint (1943‘;) studied the origin of the Missouri
River in more detail and has traced out the former drainage oourses
of the rivere in South Dakota., Concerning the method of the diver-

sion Flint stated (p. 69):
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"The James lobe of one of the Pleistocene ice sheets entered
eastern Soutnh Dakota from the Xortheast, as inferred from
the provenance of erratic boulders. Its average thickness
is believed to have been et least several hundred feet,
whoreas the general relief of the country invaded is in-
ferred to have been little more than 200 feet. Hence the
ice completely buried even high points on the Missouril
Plateau., Flowing southwestward, this ice lobe blooked all
elements of the ancient east-west drainage as far west as
the sight of the present Missouri River. Because of the
ice blockade, the steepest remaining component of the form-
er edstward slope of the land became a slope toward the
southeast. The streams became ponded; the main valleys
filled wvith water that gradually backed up into the tri-
butaries. In time each pond rose high enough to spill
over the lowest part of the interfluve that separated it
from the major valleys southeast of it. Most of these

low points ocourred betvween the heads of two opposed
tributaries. Eaczh temporary spillway thus formed be-

came intrenched by the overflow. In effect the water
flowed up one former tributary and down anothsr opposed
tributary, As the pglaocial blockade was shrinking it
failed to clear the ancient valleys until after the
temporary diversion routes across the interfluves had
become so deeply intrenched that the diverted waters

were unable to return to their former paths. The floors
of the ancient valleys, partly filled with drift, were
left standing somewhat above the new profile of the di-
varted water-the initial profile of the presemt Missouri
River."

Thus, acoording to Flint's idea the Missouri River trench is a
patohwork, formed from segments of small valleys that already existed.
In places where there was no pre-existing lower.outlet short segments
of the trench were probably carved into the uplénds by an ice margin-
al stream, but by and large the diverted waters followed the already
out valleys of the small tributary streams.

In southern North Dakota as far upstream as Carrison Dam the
M1Sso;1ri River trench is similar in every way to the trench in South
Dakota, and probably originated in the manner outlined by Flint. Be-

tween Garrison Dam and the mouth of the Little Missouri River, however, /
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the Missouri flows eastward through a valley whose sides slope
gently toward the river and appear to outline the broad valley pro-
file characteristic of the pre-diversion valleys in North ard South
Dagqta. In this part of its course, therefore, the Missouri River
is appar;ntly in one of the old valleys that was part of the former

Hudson Bay érainage system,

Date of the diversion

Flint (1949, p.71) pointed out that éarly Wisconsin (Iowan)
drifs wa g deposited in the Mirsouri River trench after it had been cut
to about its present depth. This indicated only that the diversion of
the drainage and the deepening of the trench must have taken place in
some pre-Wisconsin time. ’

More recently, Warren (1949) and Crandell (1951, pp.148-149) have
independently discovered evidence suggesting that the drainage was di-
verted to its present pattern during the Illinoian glacial stage. Their
evidence can be briefly éummgrized as follows:

(1) Early Wisconsin (Iowan and Tazewell) drift ocours down in the
Missguri trench well below the profile of the pre-diversion drainage.

This agrees with Flint's conolusion that the trench must be pre-Wis-

consin. : 5
' Cas?"[kw..,... RO

(2) On the uplands west of the Missouri trench are deposits of
coarse sand and gravel containing vertebrate fossils of probable late
Kansan age. These gravels are topographically above and are there-
fore older than the broad valleylprofiles of the Cheyenne and Rad
rivers; and, as has already been stated the broad valley profiles

of all the streams antedate the cutting of the Missouri River trench.
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(3) The establishment of the Missouri River trench, therefore,
is post-Kansan and pre-Visconsin; and, by a process of elimination,
we are left with Illinoian as the only glacial stage when this could
have taken place. FYollowing the same process of elimination the cut-
ting of the broad valley profiles was post-Kansan, pre-Illinoian ard
therefore must have taken place during the Yarmouth interglacial
stage; and the deepening of the Missouri trench to about its present
depth must have taken place during the Sangamon interglacial stage.

' In southern North Dakota th; evidence 1s not conclusive but
seems to indicate that the Missouri River trench was formed at about
the same time as in South Dakota. This evidence is as follows:

" (1) Drift of Iowan age occurs down near the bottoms of the pre-
seﬁt valleys, well below the pre-diversion stream profiles. Thus the
t;;nch must have originated prior to the Wisconsin stage.

(2) Just as in South Dakota, the cutting of the broad valley pré-
files of the eastward-flowing streams antedates the formation of the
Missouri River trenoﬁ. Therefore the trench in both North and South
Dakota seems to have beén out at the same stage in the geomorphic
evolution of the landscape. It seems reasonable to assume that the
broad valley profiles in both states were cut at the same time and,
oonsequently that the Missouri River trench was also cut simultanecously
" on both sides of the North Dakota-South Dakota State line.

Therefore, 1if the Illincian age of the trench is valid in South

Dakota, probably it applies to North Dekota as well,

Pre~diversion drainage of North Dakota

Although it has been known for a number of years that the present
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eastward-flowing tributaries of the Missouri River in North Dakota
once orossed tho site of the Missouri trench end continued east and
northeast into Canada, no detailed tracing of tﬁa abandoned courses
east of the Missouri River has ever been attempted. Todd had sug-
gosted the approximate positions of somo of the pre-diversion valleys
but most of Todd's work was in South Dakota and he did little or no
~aotua1 tracing of the abandonsd valleys north of the State line. My
own reconnaissance east of the Missourl River in southern North Dakota
was too brief to permit tracing of the abandoned channels in the de-
tailloomparable to Flint's wark in South Dakota. Nevertheless, I was
able to loocate the approximate poritions of many of the larger aban-
doned-valleys and from them reconstruct some of the pre-di%ersion
drnin%ge pattern of North Dakota. This reconstructed drainage is
ehown'iu fig. 12. The individual parts of this abandoned drainage
will now be briefly desoribed; the numbers in the following disoussion
correspond to those on the maé.

1, Former drainage in southern Emmons County. - In southern Emmons
County is an abandoned valley th;t extends from'the torm of Linton
south to the North Dakota-South Dakota State line. This valley is the
northward extention of Flint's Mound City trenmch (1949, p.61) and
seems to be a part of a master drainage that included the present Grand,
Mofeau, and Cheyenne rivers. Beaver Creek, which now flows west past
Liﬁton to the Migeouri River, seems to have been a tributary to this
northern part of the Mound City trench. «

2, Long Lake tronch (the former course of the Cannonball River).-

The present-day Cannonball River enters the Missouri River about 30
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miles north of the North Dakota-South Dakota State line at the
junctions of Morton, Sioux and Ermons counties. Four miles north

of the mouth of the Cannonball River is a large abandoned valley or
‘trench that leads northeast from the Missouri trench through north-
west Emmons County across southeast Burleigh County and into Kidder
County, where it is buried and obscured by the moraines of late Wis-
consin drift} at fhe Burleigh-xidder County line this trench is oc~-
cu?ied by Long Lake and will be referred to in this report as the
Long Lake trenoh. Todd s&ggested long ago that the Long Lake trenoh
rep}esents the former course of the Cannonball River (1914, p.266).
Leonard (1916, p.296) objected to this idea on the ground that the
movth of the trench is 4 miles north of the present mouth of the
Cannonball River. The method that Flint outlines for the formation
of“¥he Missouri River trench, however, negates this objeotion. The
4-mile segment of the Missouri River trenoh between the mouths of the
Cannonball River ana the Long Lake trench.is a segment of the pre-
diversion Cannonball Bivef, with the present-day drain;ée flowing
opposite to the direction of the former drainage.

East of Long Lake the trench has been partially to completely
'buried bty thick glacial drift and is difficult to follow. Apparently
" 1t ocontinues northeast finally leaving the Coteau du Missouri at a
low point in the Missouri escarpment at the railroad siding of Gold-
win in Stutsman County. Lake Etta and Lake Isabel in Kidder County
and Chase Lake in Stutsman County seem to be on the old drainage
oourse,

3. Abandoned course of the Heart River - From its headwaters in
southeastarn Bilii;gé County the Heart River flows east and southoast
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acrors Stark and Grant counticr and enters Morton County in the
southwesrt part of T. 136N., K, B4,. Here the river tnrne abruptly
north by northeast for sbout 15 miles to T. 138N,, R, 38W., where

it again resumes a more easterly route. The val ley of the Heart
above and below this 15-mile segment is typicel of the pre-diversion
valleys in North Dakota. The uplancs slope gently toward the river
for several miles and the river itrelf is cut into the old broad
valley wrose fleer wus 125 to 150 fert above the modern flocdnlain.
.in the 15-mile cegment just mentioned, however, the Heart flows in

é &outhful valleyv whose floeor is 400 to 500 feet below tﬂe adre of
the unlands. The broad velley profile is abrent and the upland does
not slope toward the river; rather it eancs abruntly in g tract of
bgdlands, 1 to 2 miles wide, that separates themlfrom the valley
ffoor.

Leading southeast from the sharp bend and collinear with the
upstream portion of the Heart River is a wide trench that crosses
from the drainage cf thé fleart to the drainage of the Cannonball
River, joining the latter stream near Breien. The upland slopes
toward thir trench, and the topogranhy of the trench walls is much
more rutdued than the tacdlancs bordering the "15-mile segment"”.

The flocr of the trench is below the altitude of the broad valley
. profile, and the trench itself is otvicusly a part of the Pleisto-
cene drainage system that extends all the way from the Litile ’Mis-
souri River in Dunn County to the Cannonball River in fioux County

(p1. 3 ). However, I suggest that the trench also represents the

former (prc-I1linoian ?) courrse of- the Heart River and that the
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Heart and Cannonball rivers once were confluent near PFreien. If
this hypothesis is correct, the mature part of the Heart kiver
valley below the ycuthful 15-mile segment was originally cut by
Sweetbriar Creek and one of its tributaries. Then, for reasons
that are not clear, this tributary worked its way headward and
oaptured the Heart River. Perhaps icc dammed the lower part of
Sweetbriar Creek, causing ponding and an eventual overflow to the
. south and southwest along the present oourse of the Heart River.

' The overflowing waters may have cut the spillway notch deep enough
’ to permit the tributary of Sweetbriar Creek to complete the job and
capture the Heart River. Whatever the caure, this capture olearly
‘occurred after the streams had cut below their old brééd valley pro-
';files, and probatly after the establishment of the Missouri River

iénd entrenchment of that river to about its present aititude.

4, Brit;in,Trench. A few miles southeast of Bismarck is a
;broad flat terrace about 100 feet above the Missouri River. This
terrace can be tfaced east into a large trench about 2 miles wide,
.that trends east across soutﬁern Burleigh County and joins Long
Lake trench ét the town of Moffit. The railroad siding knowﬁ as
Brittin is about in the center of this trench, which will there-
fore be called the Brittin trench. |

According to my reconstruction of the old drainage, the Brittin
trench is the eastward éontinuation of an old valley that carried
the combined waters of Sweetbriar, Square Butte, Burnt, and possibly
Apple creeks. One discrepant feature of.the reconstruction is that

—

the Brittin trench is nearly twice as wide as the western part of

\
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Longz Lake trench; yet lLonz Lake trench was oresumably cerrying the

combined Heart and Cannonball rivers, Either the reconstruction is
incorrect or there was some extraneous factor that:c;;saérthe Brittin
"trench to be abnormally wide.

5. Apple Creek valley. North of the Brittin trench and sub-
parallel with it is Apple Creek, & southwest-flowiny iributary to
the ¥issouri River. The mouth of Apple Creek is nearly opposite the
mouth of the Heart River at Mandan; and Todd (1914, p. 266) postulat-
ed that Apple Creek valley represents the pre-dive;sion course of
the lHeart River. Todd was undoubtedly influenced by Leonard's re-
port that deep wells in this valley passed through about 200 feet
of glacial silt and sand before reaching bedrock (1912, p:44).
However, this 200-foot thickness of outwash puts the bedrock floor
at much too low an altitude to have besen a part of the pre-diversion
drainage system. The deep cutting and subsequent filling must have
taken place after the establichment and deepening of the Migsouri
River trench. It is, of course, possible that some higher profile
of Apple Creek valley was the extension of a river that combined
Sweetbriar, Square PButte, and Burnt oreeks (Todd's pre-diversion
"Hear't River"), but this ﬁynothesis leaves no major stream for the
Brittin trench. It seems more probable that Apple Creek was just
‘another tributary to the Brittin trench drainage. Vhether it flow-
ed west in its present valley as far as Bismarc; or whether itturn-
ed southoast at McKenzie and joined the Brittin trench near Moffit
is not oclear from the present topograovhy.
"

6. Former courses of the Knife and issouri" rivers. Todd

-
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(1914, p.266) recognized that the east-west segment of the Missouri
River trench upstream frqp‘Garrison Dem was a part of the pre-diversion
drainage system. He inferred also that the Knife River once turned
at Stanton, and flowed north along the site of the present Missouri
River trench to join the old ™Missouri" at the site of Garrison Dam
(01d Fort'Stevenson). The combimed drainage of the two stroams then
continued northeast through the valley of Snake Creek, acrcss the
Coteau du Missouri, and joined the Souris River somewhere east of
Minot. Andrews (1939, p.62) outlined the course across the Coteau

in more detail. He sugrested that the ancestral "Missouri" River
flowed through the Snake Creek outlet, joined what he calls the
Turtle Creek spillway of glacial Lake Souris, and continued north-

. 8ast through the spillway to join the Souris River near Velva,

Ky reconnaissance study, aided by the many newly-published
topographic maps of the area, indicates the following modifications
of the courses proposed by Todd and Andrews:

(a) The Missouri Hiver trench between Garrison Dam and the mouth
of the Knife River shows no evidence of having been a part of the
ancient drainage.

(b) East of the Missouri River and in line with Xnife Rivor
valley is a broad, very shallow trench that can be traced as far
~aast és Falkirk, beyond which it is obscured by glacial drift. The
ancient Knife River followed either this trench or else the site of
the Missouri River trench as far as the mouth of Painted Woods Creek,
and thence north to join the shallow trench eacst of Falkirk. From

this peint on the old course is buried by thick drift, but seems to
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have continued east, then northeast past Pickardville and MNcClusky
and te have crossed the Missouri escaroment near Lincoln Valley.

(¢) The ancectral "Missouri" River probably flowed northeast
through Snaxze Creok to a point about 15 miles east of the town of
Garrison, where it turned southeast, flowed through Turtle Lake,
past Mercer, end joined the ancestral Knife River near Pickardville.
Al thougn buried by thick glacial drift, this route from the head of
Snaxa Creecrx to Pickardville 1is fairly easy to follow both in the
field anc on topographic maps.

Northeast of Lincoln Valley the course of the combined Knife
and "Missouri" rivers can not be followed with any-assnrance. The

~ ’

stream may have continued northeast to join the ancient valley now
occupied by Devil's Lake ancd Stump Lake (probably an olg course of
the Sheyenne Rivaer) or itimay have turned northwest to djoin the
Souris River in McHenry County.

7. Former course of the Little ifisrouri River. As can be seen
on the map (fig. 12) the old course of the Little Missouri River is
mostly in northwestern North Dakota, in the area being studied by
Howarc, and will be outlined here only for the sake of completeness.
The history and datin; of the diversion of the Little M;ssouri River,
howev-or, is important to the genseral history of southwestern North
Dakota and will be discussed more fully.

The Little Missouri River enters MWorth Dakota in the southwest
corner of the State and flows north to southern McKenzie County,
where it turns sharply earst and finally emnties into the Missouri

River near Zldowoocds. Loading northeast from the sharn bend, and

in line vith the upstream part of the Lit*le Misrouri valley, is a
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lerge trench that joins the Missouri River near Yesson. This
trench is occupied in part Yty Cherry Creek and in part by To-
bacoo Garden Creeck and will be called in this report the Tobacco
CGardon trench. Upstream from its junction with the Tobacco Gar-
den trench the valley of the Little Missocuri is flanked by a widse
strath terrace, about 150 feet above the river near the ftate line
and 250 feet above the river in lcKenzie County. Downstream from
the junction this terrace is absent. The altitude and gradient of
the terrace coincide feirly well with the floor of the Tobaoco

. Garden trench, and it seems fairly clear that this trench rcpresenés
the former course of the Little liissouri niver. It seoms probable
alro that in pre-Illinoian (?) time the Little Eissouri éontinued
north across the site of the Missouri River trench and joined the
ancient Yellowstone somewhere near the Canadian border.

The Tobacco Garden trench has beenrrecognized es the former
valley of the Little Missouri River by many workers. It was first
noted by Wilcer (1903, p. 1€) and was more fully exnlored by Leo-
nard (1916, Dp.300-304). Lpoﬁard elso recognized that the regment
of the Little Missouri River telow the junction with the trench
coincides in part with the outermost glacial drift border, and
postulated, therefore, that the diversion from the Tobacco Carden
Creek route was caused by the damming action of the ice.

Two lines of evidence suggest that the diversion of the Little
Missouri River from the Tobacco Garden trench did not occur until
early Wisconsin time. Firrct, Howard (perconal communication) statos

that the bedrock floor of the northern part of the Tobacco Garden
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trench 1rs graded to a baselevel at or slightly below the altitude

of the prerent Missouri River. It is possidble that Tobacco Garden
Creek alone could have accemplishod this grading, tut it is more
likely that tho Little Kisscuri River maintained its course through
tho Tobacco Garden trench until the Missouri River had deepened its
valley to about its presont altitude. As has elrcady been stated,
the major deoevening of the Missouri River trench probably toox place
during the Sangamon interglacial stage, and the diversion of the
Little Miecsouri River was therefere post-Sangamon. Second, the drift
border that coincides with the new course of the Little Missouri
River is early ¥isconsin, probably lowan; and it seems'very likely
that diversion from the Tobacce Garden trench was acooTplished by
the ice sheet that denosited this drift.

The Towan cdate for the diversion also provides an exnlanation
of the fact that the badlands bordering the Little Missouri River
are moré extensive and more spectaular then those bordering other
rivers in North Dakofa. By Iowan time all other streams had ex-
cavated their valleys to about their presant depths, but the floor
of the\Little Miscsouri River at that time is represented by the
high strath terrace and the floor of the Tobacco farden trench.

The prerent mouth of the Little Missouri River near Elbowoods is
" more than 200 feet lower thaﬁ the old mouth near Nesson, so that
after the diversion the Little Missouri had a steever pgradient.
Thus the river was rejuvenated and cut deeply into its old valley
floor, leaving this floor as a strath terrace. The rapid deepon-
ing of the macster stream valley stoepened the gradiont of all the

Y

small tributaries, enatling thom to dissect the walls of the Littlo
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Uissouri River vallay into badlandés. This dissection has continued
from early Wiscoz-~ =z to the present time. Badlands undoubtedly
borderec other riT:rs in southwestern North Dakota shortly after
"they ceepenec their valleys in response to the deepening of the
Missouri River trznzh; but that dissection took place longer ago

and since then mce:z of the badland ridres and spurs have been

roundsd by weathsring and mass-wasting.

C==ar Pleistocense diversion wvalleys

Yz30r rogional diversion valleys

In South Deiota the only large wvalley that appears to be the
result of glacial diversion is that of the Missouri River itself.

In North Dakota, however, west of the Missouri River trench are many
trenches that cross divides between the present streams., The largest
of these trenches form an énastamozing valley system that extends
from the Killdeer Mountains in Dunn County southeast across Dunn,
Stark, Morton, Grant, end Sioux counties, finally joining the
Missouri River a few miles above Fort Yates. For convenience I

have given individual names to variocus segments of this walley

system (pl.3), tut all these segments are part of one large

feature and should be regarded as a unit.

Similar trenches connect the valley of the Little Missouri
River in western North Dakota with the wvalley of the Yellowstone
River in eastera Montana; These through valleys or trenches were
first recognized and mapped in reconnaissance by Leonard (191€).

Later, Alden (1532) mapped similar features in eastern Montana
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and snowed that they connected with the valleys Leonard had
ulscovered in western North Dakota.

Althoush Leonard coubted that the Missouri River trench
originnted as the rerult of rlacial diversion, he clearly recoy-
nizec the system of throu~h valleys as the product of waters
cdiverted from their former cources by the margin of an ice sheet
(191€,50.295-300). Concerning these valleys he stated (p.299):

"Pleirtocene valley of Mirsouri and Yellcwstone Rivers
"But while the Yirsouri River probably occupied its
"present valley for a conriderable time prior to the Glacial
period, the ice-sheet, when it invaced the region, blocked the
valleys of both the Missouri and Yellowstone rivers and also
tho pre-:lecial valley of the Little ilissouri, forcing these
streams to seek new channels. Lakes were formed in the, valleys
of the Ycilowstone and Little kissourl rivers, the water
rising until it overflowed the divide between the latter and
the £nife River south of the Killdeer .Liountains. The combined
waters of the three rivers flowed east across Dunn County and
southcast across Morton to the mouth of the Cannon Rall iiver.

The valley thus formec crosses the divide between the Knife and

Heart rivers and also that betwcen the Heart and the Cannon

Ball. The length of this Pleistocene valley of the Yellowstone

and liiscouri rivers from tho head of the Knife to the mouth of
the Cannon Ball is 155 miles."

The course of this former Pleistocens drainage as mapped by
Leonard and Alden is shown in fig, 12, My reconnaissance map of
the same trenches is shown in nl. 2. A comparison of the two maps
shows that 1 disagree with Leonard's mapping of this former drainage
at only three places. These are:

(1) Poroupine Creek trench. Leonard thought that in southern
" Morton County the old Pleistocens drainage turned east at the town

of Tirmer, and entered the Cannonball River near Breien,
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and from there continued east to the Missouri. My reconnaissance
rhowed that another bran~h of this trench trends south to Shields,
then turns east, crosees the divide between the Cannonball River
.and Poroupine Creek; and continues east through the latter valley
to join the Mirscuri River about four miles nor%h of Fort Yates.
After the ice had cleared scuthern North Dakota as far as the present
mouth of the Cannontall River, probably all the drainage from the
northwert joined the Cannonball at Brelen, as suggested by Leonard.
(2) Killdeer trench. As can be seen from the map’(fig. 13)
and from his description of the diversion drainage, Leonard be-
lﬁeved that the waters of the Yellowstone, Missouri and Little
Missouri ;}vers were diverted to a course south of the Kiildeer
Mountains and entered the headwaters of the Knife River valley
about six miles southesast of OGrassy Putte in McKenzie County.
Alden accepted Leonard's idea and postulated that the waters left
the valley of the Little M;ssouri River in southern McKenzie County
by way of Bicycle Creek., I have examined the uplands in southern
McKenzie and northern Billings oéunties and have found no evidence
of any major drainaze ohannels in this area. Howard (personal com-
munioation) has also visited this area and has independently come
‘to the same conclusion. On the other hand, I did find a walley in
western Dunn County that probably represents the former diversion

path of the Yellowstone and Little Missouri rivers. This vailey,

which I have called the Killdeer trench, starts
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Just east of the Xilldeer Mountains at the low divide betvwen
Jim's Creek and the drainage of Spring Creek. The valley trends
southeast past the town of Xilldeer, joins and crosses the valloy
of Spring Creek at Lake Ilo about two miles west of Dunn Centor,
énd continues south, entering the valley of the Knife River about
a mile east of Emerson.’

The diverted waters of the Yellowstone and Little Missouri
rivers, therefore, probably never flowed south of the Killdeer
Yountains., Farly in the Wisconsin stage the waters probably
flowed dowr the valley of the Little Missouri to the mouth
of Jinm's Creek east of the Killdeer Mountainsg, and from there
spilled over into the diversion val leys to the southeast. This

. system of diversion valleys, however, is believed to have been
out during some vre-Visconsin glacial stage; and, as has already
been pointed ou%, the east-west sezment of the Little Missouri
River north of the Killdeer Mountains did not exist at that time.

During the earlier glacial advance the Little Missouri River probabdly

oontinued northeast through the Tobacco Garden trench to a point -

about five miles northeast of Watford City. From here it was
diverted southeast through the valley of Cherry Creek and continued
in this direction until it was able to spill over into the drainage
of Spring Creek somewhere east of the Killdeer Mountains.

(3) Emerson trench. Leonard's map shows that after entering

and orossing thae walley of *the Knife River the Pleistocene drainage

followed three separate courses tovard the southeast., To Leonard's
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three branches should be added a fourth - & larce shallow trench that
loads south from the valley of the Knife River at Emorson, crorses
the headwaters of Deep Creel and finelly turas east to joln the
Doep Creek trench slong the Dunn-Stark County line. These four
brarch valleys leadin- south from the Knife River were not used
simdtaneously., The altitude of their floors is propressively
lower from west to east, and they were probably ured one at a tinme,
starting with the trench south of Fmerson and ending with the )
Elm Creck trench,
DATE OF THF LTVFRSION

It soems well establisned that the atandoned valley system
just described was formed during the Pleistocens enoch whan the
streams of southwestern North Dakota and eastern Montana were divertcd
from their normal courses by a glacier. The mechanism of the diversion
was exactly the same as the one which caused the formation of the
Missouri River trench. As a matter of fact, the only difference
between the liissouri River trench and this valley system i that
tbe ¥{ssouri trench was successful in holdiug the diverted waters
after the retreat of the ice sheet,

The date of this diversion cannot be definitely established.
Leonard and Alden both con<idered that the waters of the Little
Missoﬁri and Yellowstone rivers were originally diverted by the

pro-Wisconsin ice shest that devosited the oubtermogt drift in

southwestern North Dakota. According to Leonard this drift was
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Kansan; according to Alden, Illirnoian (?) or Iowan®

At tre time of Alden's work the Jowan was regarced as a sgparate
pre-liisconsin glacial stage.

Yy raconnaissance manping of the glacial features indicates
that the outermost drift is of carly Wisconsin (Iowan) age. The
diversion system, however, I believe to be pre-¥Wisconsin, probably
Illinoian. The evidence, scanty and inconclusive, is as follows:

(1) Since tho cutting of this valley system, mass-wasting
has rounded the sharp spurs, and small tributaries have cut fairly
wide straths graded to the floor= of the various member trencher,
In contrast, the sides of the Peulah trench in the Knife River
area are youthful and are drained by steep-sided gullies; y;t
there is stratigraphic evidence that the Beulah trench must be as
old as early Wisconsin.

(2) Small patches of early Wisconsin (Iowan or Tazewell)
drift lie on the maturely dissected sides of these valleys. This
also suggests that the diversion valleys are of pre-V¥isconsin age.

(3) Both Crandell and Warren (op. cit.) show that the
topography of we;térn South Dakota has been inverted since Kansan
. time. Gravels of late Kgﬁsan or early Yarmouth age now cao
divides between the major streams. It seems likely thgt western
North Dakota has had a similar history; and that valleys of
Kansan agé would have been well dissected and largely destroyed
" by this post-Kansan erosion. But the diversionlvalleys under
disoussion are very much a part of the present topography.

-
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1 therefore suzsrest that this diversion system is vost-Kansan,
pfo~Wirconsin, or in other words, Illinoian, Probably the system
was 6rtabliched »hile the Tllinolan ice was near its maximum,.
Later, as the ice ratreated, a second system was established and
maintained, and eventually teceme thue Missourl River trench.

Although the Xilldeer-to-Fort Yates diversion systom vwas
abtandoned after the establishment of the lMirssouri HRiver trench,
it was undoubtedly re-used and its ovedrocx floor was probably
lpwefed during at least the tvwo early Wiisconsin advances of the
ice. How much of the deenening occuggd during the original
diversion and how much durinr subssquent occupations is impossible

’

to tell.

Minor diversion valleys

Between the Iowan drift border and the Missouri River trench
are nwwisrous isolated diversion wvalleys or trenches that trend
northwast-southeast across the divides, These range in size from
trenches one to two miles wide and 15 to 20 miles long to small
notched divides, 50 to 100 yards wide and less than a cuarter of
a mile long. All these diversion valleys, large and small,
originated in the same way as the Missouri River trench, excent
that the smaller ones wore cut by smaller amounts of water and
wero usad for shorter poriods of time.

Most of these smaller diversion valleys are too small to be
showni on the reconnaissance map, Those that cross the Anife River

area aro desorited in detail in a subsecuent section of the report.
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Wisconsin drift shests of southwostern North Dakota

Previous Correlations
The prosence of glacial drifit south and west of the Missouri

River trench in North Dakota has been knovn for many years, but most
provious workers have classified it as pre-Visconsin or earlisst Wis-
consin (Iowan). Leonard (1916b) thought that the so-called "Altamont"
moraine on the Coteau du Missouri marks the limit of Wisconsin glacia-
tion and that all the drift southwest of this moraine is pre-Wisconsin,
probably Kansan. Alden (1932, vp.75-78) accepted the "Altamont”
moraiﬁe as marking the Wisconsin drift border, but considered the
older drift to the southwest tp be of either Illinoian or Iowan age,
"Though he gave two %ossible aées for the older drift, Alden‘clear-
ly preferred to think of it as Iovan, which he reg&fded as a pro-
Wisconsin glacial stage. In compliling the Glacial Map of North Ameri-
ca, Flint and others(1945) chose to emphasize the Iowan rather than
the pre-Wisconsin facet of Alden's correlation, and on the glacial
map all drift southwest of the "Altamont" moraine is showvn as Iowan
(early Viisconsin).

\ Townsend and Jenke'(1941) pointed out that the correlation of
the "Altamont" moraine of northern North Dakota with the type Alta-
mont moraine in eastern South Dakota is just guesswork arnd is based
Beither on the stratigraphy of the deposits nor on the detailed map-
Ping of the moraines through the intervering areas.. Therefore, they
Proposed that the moraine in northern North Dakota be renamed the Max
moraine. They also showed that the Max moraine owss its position and

devolopment to the bedrock high of the Missouri escarpment; andthoy

EEERY
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sugzested that this moraine may not mark the terminus of any rlacial
advance,

Recently Flint has studied the glacial devosits of South Lakota
and has concluded that deposits of all four substages of the Wiscon-
sin are prescnt in that State (1951, report in prevaration)}. Flint
gonerously made.availablc his map of the drift borcers and this was
a great help in my attempt to correlate the drift sheets in south=-
western North Dakota. |

Results of present work

The present ctudy of the glacial geology of routhern North
Dekota indicates that three ages of drift are present southwest of
the Misrouri River and that all three belong to the Wi;consin stage.
The two olde; drifts are early Wisconsin (Iowan and Tazewell respect-
ively) and the third drift is late Wicconsin, probablyv Mankato. The
evidence for these conclusions comes partly froem the stratipraphic
relations of the deposits in the Knife River area and partly from the
tracing of the drift borders between the Knife River area and the North
Dakota-South Dakota State line.

STRATI GRAPHIC EVIDENCE
The Pleistocene deposits of the Knife River area ﬁavc teen des-

cribed. The factors that bear on their dating and correlation can

be summarized as follows: -
- (1) Three different apes of deposits are differentisted., A1l
three are conformable with the topograpvhy that postdates the deepening

of the Missouri River trench and are therefere post-Illinoian.
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(2) The two oldar drifts have rimilar tonograshic and are
soparated by a minor uaconfcrmity. Botn, therefore, are assigned
to theo early Visconsin.

£2) The third drift is mush less eroded than the other two and
is senarated from the eclder dencsits by a marked unconformity. This
unconfornity protatly represents the mid-lrisconsin (Tazewell-Cary)
intorval and the third drift, therefore is thought to be late Wwis-
consin. |

‘(4) The border of the late ¥“iscoansin é¢rift crosses the Knife
River area. Northeast of its margin I have found no evicdence, either
topographic or stratigrapnic, that would indicate & drift border.

. ’

.Quite to the contrary, the young outwash fill in the Knife River
valley (Qsds) and the outwash in valleys that drain the ilax moraine
are botn graded to the same fill in the Misscuri River trench, sug-
gesting that the young drift in tho Knife area and the surface drift
of the Max moraine are of the rame general age. Thus all the drift
nertheast of the late Wiscousin border reems to be of the same ags.

(5) Flint (1951, report in preparation) has shown that the
Cary drift has been overlanped by the Mankato in northern South Da-
kota, and [ have found no features that suggest the Cary drift re-
emerges in southern North Dekota. Therefore, the single late Viis-

consin drift in routhern North Dakota is probably Mankato."

EVIDEXCE FRO¥ THE DRIFT RORDERS
Flint (1951, op.cit.) has shown that all four Wisconsin drifts

8re prersent in South Dakota, but that only three can be identified

R Y
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at the North Dakota-South Dakota State line. Near Java, in YWalworih
County, the Mankato drift crosses the Cary border and the Cary drift
1s overlaoped from here to the Stats lins 25 milee farther north.
Thereofore, at the State line there are only three Wisconsin drifts,
the lowan, the Tazewell, and the Mankato.

In North Dakota, unforiunately, the drift borders cannot be
traced with as much certainty as they can in South Dakota, at least
in reconnaissance. There are two reasons for this: (1) In South
‘Dakota the only Wisconsin ice to cross the Missouri River tremch
wvas the lowan; the other three drift borders lie east of the liissouri
River. In North Lakota, however, all the known Wisconsin drift bord-
ers lie west of the trench. This is an important fact gécause the
Missouri River trench acted as a baffle and removed much of the sedi-
ment load of any ice sheet that crossed it. Thus, in many places in
southern North Dakota even the late Wisconsin drift consists only of
scattered btoulders lying on the eroded bedrock surface. The differen-
tiation of such thin drifts is very difficult., (2) In South Dakota
the various Wisconsin till sheets are sevarated by deposits of loess
up to several feet thick, and in many exposures the Wisconsin tills
can be identified by their stratigraphic positions. The "Peorian"
(Iowan plus Ta;ewell) lééss is very persistent, espocially east of
the Missouri Aiver, and is very hélpful in separating early from
late Qisconsin t11ls (Flint, 1951, op.cit.). In North Dakota these
loess sheets thin and virtually die out 10 to 15 miles north of the
State line, and the thin drifts west of the Missouri River trench

are in most places not separated by any intervenins deposit.
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Neverthneless, despite thedifficulties in tracing the drift
bvordars, the followingz general conclusions can be drawn:

(1) The Iowan drift border is marked by the southwest 1imit of
erratic stones. It can be traced without any large gaps from the
Sguth Laltcta Gtate 1ins northwe:zt to the ¥illdeer Mountains.

(2) The Tazewell drift borcer is too faint to follow in North
Dakota.

(3) Tha Mankato drift border cannot be traced coantinuously, it
can be followed in a general way from the South Dakota State line
northwest to the Knife River area, where it coincides with the mar-
gin of the third or youngest drift.

(4) The Cary drift has not been identified in couthern North
Lakota,

Farly Wisconsin drifts - Towan and Tazewell

The early Vilsconsin drift sheets crop out in a northwest-trond-
'1ng belt 20 to 30 miles wide in southern North Dakota. Over most of
this area the presence of former ice shects is attested only by the
Presence of erratio bouldersx rostly of granite, with a few of lime-
stone and dolomite. A very few patches of till and ice-contact
8tratified drift are scattered over this area but these are very
Einor and do not cover more than cne per cent of the total area.
Several small deposits of till were found in the bottom of wvalleys
that are graded to the floor of the Missouri River trench. The ab-
Sénce of till over most of the area is due in part to erosion of the

drift and in part to nondepositien. Judging from the patches of till
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after the sté(nant tongue of ice in the lissouri urench mrlted
leaving QSd3 és a kame terrace. A short time later the ice re-
acdvanced across the Misscuri trench in the Stanton cradran-le and
deporited the toulder yravels (%ic') on top of the Mirsouri River
gravels near Fort Clark., This is the last Pleistocene svent re-
cordnd in ﬁﬁe ¥nife Hiver area.

Early #isconrsin pravel deporits

In the southwest pvart of the Xnife River area arexsmall isc-
latéd vatchers of sand and gravel that can not be correolated definite-
ly with any one till rheet or valley fill. Sfome of there depcorsits
are définitely of glacial origin, some are fluvial origin agd still
others are indeterminate. 1 believe them to be of early Wisconsin
are because; (1) they lie beyond the late wisconsin (Mankato) drift
border and (2) they have been more extentively eroded than the late
Wiscensin deposits to the northeast. On the map these gravels have
been divided into three catapories based partly on their lithology
and partly on their occurrence.

--0Older glaciAI pravel (Qwp)--

The deposits mapped as Owr cannot be correlated definitely with
‘either of the early Wisconsin till sherts tut are almost certainly
of placial origin and are ascociated with one of the tills. These
deposits are small and compvaratively few in number and no attempt
was made to discriminate between outwash and ice-contact deposits.
Probably the two denosits in secs. 14, and 26, T. 142N,, &, 9lw.,

are kames; in contrast probAbly the small patches in secc. 8, and 17,
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trat are preserved, ond from the younger till deposits to the north-
east, probably the carly Wiscoasin drift was doposited as a very
thin and patchy blaniet.

IGWAN DRIFT BOXDER

The outermost drift borcer in southern North lakosva is drawm
along the soutimwest limit of erratic stones. Althourh these stones
are not everywhere atuncant, they are numercus enourh in mort places
to permit the drift border to be traced fairly accurately.

This drift border was first noted by ¥Wood (1904), who manped a
segnent of it in southern Dunn and northern Stark counties., Later,
Leonard (1916 and 1919) mavoped this drift border in reconnaisance
from the Scuth Dakota State line northwest to the Montana State line.
The drift borders as mapped by Wood and Leonard have been shown on
pl. 3. Leonard's version, it can be seen, was extremely generalized;
apparently he drew a line tangent to the outermost lobes of erratics
and made no attempt to shéw any of the details.

Viestern Nortih Dakota today is far more accessible than it was
when Leonard examined the glacial deposits, and I was able in a re-
latively short time %o map the drift border from the Scuth Dakota
State line to the Xilldeer llountains. As can be seen on the map
(p1.3) this line is not, as Leonard had supposed, nearly straiyht,
but rather is very sinuous. In general it shows that the ice front
had lobes that extended up the iarger valleys and reentrants where
it iﬁninged on higher rround.

This drift border crosses the North Dakota~South laknin State
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line in the southwestern part or T. 120N., R. 82«,, aund at thais
peint it coincides with Flint's lowan drift border. FPartly ve-
cause of this coincicence and partly because the drift northeast of
this border shows the same dogree of weathering anc crosion as the
lowan drift in bouth Dakota, the outerrost drif't in North lakota har

.

been correlated with the lowan rlacial subrtage.

GRANI T ROUIDERC SOQUTHWECT OF TWE TOWAN DRYFT ROWDLR

In most places in southern North Dakota the l1imit of erratic
stones is fairly well defined and the drift border can te drawn with
moderate confidence. Therr nare, however, a few rranite boulders oue
to several miles beyond and across interstream divides from the cen-
eral drift border, and I do not believe that these should be in-
cluded in the Iowan drift. 1t is vossible that these out-lying
boulders are relicte of some pre-Wisconsin glaciation. But it has
already been noted that the lower part of the White River formation
ccntains a few scattersd coulders of granite (p. ég) and it is equal-
ly poseible that these anomalous granites have been let dowvn onto
the present surface by the erosion of the overlying White River sedi-
ments.  The localities where thece anomalous toulders have bheen
found have been rhown on the map (pl. 3); the numbers on the map
correspond to those in the followins discursion:

(1) Boulders in western Mcrton County; In the northern part
of T, 138N,, u, 90W., are twc occurrerces of granite boulder~ 8 to
10 miles south and wert of the Towan drift border. The drift bor-
der in this area is fairly well definnd and skirts the edge of n

hiyhland grea west of Glen Ullen and =south of Hebron. The outlyving
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toulders are in the hirhland area and are more than 100 fert high-
c¢r than the odgce cf the lovan drift.

The first of thece occurrences is cuestionable; it consists of
two graonite boulders near each cther in a road ditch in a small val-
ley rac. 14. If there boulders wore not throwm from a truci, they
counld be exnlained by ice rafting in a lake wert of the edro of the
Towan ice.

The second occurrence, however, cannot te acccunted for either
by ier-rating or by the work of man. In the nertheast corner of
sec. 14 is a gravel deoosit that capr the divide between Heart Putte
Creei: and one of its tritutaries. The gravel consists princinrally
of poorly sqrted angular fragments of chert, iron oxidé and rand-
stone derived from the Fort Union formation, tut included alro are
several cobtbles cof whife'randstonp end two small boulders of yranite.
Tre sandctone cobbles were derived from the %hite River form tion,
the nearest outcrops of which are even tcday cnly 10 miles awey.
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